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   α,β-Dehydroamino acids (Dhaa) are often recognized as constitutes of biologically active natural 
products and widely used as starting materials for the synthesis of natural and non-natural α-amino 
acids. Dhaas are conformationally restricted non-proteiogenic amino acid analogues in which sp3 
carbon atoms at the α- and β-positions of α-amino acids are unsaturated as a carbon-carbon double 
bond. It has been reported that the introduction of Dhaas into peptides contributes to rigidifying 
conformation, an enhancement in biological activity, and chemical stability toward enzymes. 
Although much synthetic effort has been devoted to the synthesis of Dhaas focusing on their potential 
utilities, these established methods provide dehydroalanine or Z-monosubstituted isomers that are 
thermodynamically more stable than E-isomers due to the lack of efficient synthetic method for the 
stereoselective synthesis of E-mono and β,β-disubstituted Dhaas. In this thesis, the author describes a 
new method to access E-mono and disubstituted Dhaas using α-(diphenylphosphono)glycinate and its 
application to biologically active natural product. 
   This thesis consists of 5 chapters. Chapter 1 describes the background of this research regarding 
Dhaas, methyl α-(diphenylphosphono)glycinate. In chapter 2, stereoselective synthesis of E-Dhaa 
esters is described using the phosphonoglycinate. This reaction is a new method to access a wide 
variety of E-Dhaas with commercially available and easily prepared aldehydes by choosing three 
reaction conditions (NaI-NaH or DBU, MgBr2･OEt2-DBU, and ZnCl2-DBU). Chapter 3 describes 
stereocontrolled synthesis of β,β-substituted Dhaa esters from E-monosubstituted Dhaa esters. The 
geometry is constructed by secured stereochemically defined Z-selective iodination-Negishi coupling 
reactions. In chapter 4, synthetic studies of phomopsin A, isolated form the fungus species Diaporthe 
toxica as a potent microtubule depolymerization, are described. The stereoselective synthesis of the 
tripeptide side chain which contains of two Dhaas (E-ΔIle and E-ΔAsp) was accomplished by 
E-selective HWE reaction using α-(diphenylphosphono)glycinate. Chapter 5 describes the synthesis 
and the neurobiological evaluation of kaitocephalin analogues for the structure-activity relationship 


























     
Ar 
 
aryl (substituted aromatic ring) 















































     
COSY 
 
two-dimensional correlation spectroscopy 
































     
(DHQ)2PHAL 1,4-bis(9-O-dihydroquininyl)phthalazine 




     
(DHQD)2AQN 1,4-bis(9-O-dihydroquinidinyl)anthraquinone 



















































half maximal effective concentration 
















      
FAB 
 
fast atom bombardment 
    
FTIR 
 
Fourier transform infrared spectroscopy 


















heteronuclear multiple bond coherence 




    
HPLC 
 
high-performance liquid chromatography 
   
HRMS 
 
high-resolution mass spectrometry 
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half maximal inhibitory concentration 
   
iGluRs 
 
ionotropic glutamate receptors 
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coupling constant (in NMR) 




     
K-Selectride potassium tri-sec-butylborohydride 
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metabotropic glutamate receptors 












     
MS 4A 
 
molecular sieves 4A 
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nuclear magnetic resonance 
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構造を持つ。最も単純な構造のアミノ酸はグリシン(R = H)である。その他のアミノ酸は R に




とアミノ基が cis の関係になる Z 体と、trans の関係の E 体の、二つの幾何異性体が存在する

























	 例えば Z-デヒドロフェニルアラニン(Z-ΔPhe)では、C1−C2 間の結合距離が 1.5 Å、C1=O 間
は 1.231 Å であることが結晶構造から判明している。しかし、それぞれの長さは Phe に比べ、









Figure 1-2. (a) Structure of Z-ΔPhe.; (b) Structure of type II β-turn. Double dashed line is hydrogen 
bond. 
 
	 しかしながら、合成法が簡便であること、そしてその合成上ほぼ Z 体のみを得ることが出
来ることから、この様なペプチドの立体配座研究の対象となるデヒドロアミノ酸は、ほとん

































ン A (1、第四章参照)やマイコバクテリアに対する抗菌活性を持つ antrimycin A (2)4)、ヒト癌
細胞に対する成長阻害活性を示す Yaku’amide A (3)5)など、生理活性ペプチドの構成アミノ酸
として含まれていることが知られている(Figure 1-3)。最近では、初のデヒドロアミノ酸含有
脂質として、強力な抗酸化作用を示す dorsamin A が単離され 6)、ペプチド以外の天然有機化
合物にも見出されている。さらに、不斉水素添加反応 7)やマイケル付加、シクロプロパン化、




Yaku'amide A (3) 







































































































Figure 1-4. Comparison of five different types of α,β-dehydroamino acids in their syntheses and 





	 Antrimycin 類の全合成研究にて、辛らは N-カルボキシα-デヒドロアミノ酸無水物(NCA)を
用いたペプチド合成を報告している(Scheme 1-1)。ケト酸 4 とベンジルカルバメートとの縮合
によりβ,β-ジ置換デヒドロアミノ酸 5 を合成している。次いで 5 を環化させて NCA 6 へと変
換し、N 末端側、続いて C 末端側にアミノ酸をワンポットで順次縮合させることで、デヒド
ロアミノ酸含有トリペプチド 7 を得ている。ただし本法では最初のケト酸との縮合で得られ























































P = Boc, Cbz
R2 = Me, Et, n-Pr, i-Bu4
 5 
Wandless らの報告 10) 
	 Wandless らはβ-ヒドロキシアミノ酸エステルからの立体特異的な脱離反応によって、モノ
置換およびジ置換デヒドロアミノ酸エステルが立体選択的に得られることを報告している
(Scheme 1-2)。erythro 体 8 に対し、SOCl2を用いて環状化合物 9 とし、次いで DBU と反応さ
せることで、アンチペリプラナー脱離が進行し、E-デヒドロアミノ酸エステル 10 が選択的に
得られた(式 1)。本法は DBU を過剰に用いることで、ワンポットでの合成も可能である。 
	 さらに彼らは、デヒドロイソロイシンの合成にも本法を適用している。(2S,3R)-11 に同様の





Queiroz らの報告 11) 
	 β-ハロデヒドロアミノ酸エステルに対するカップリングを用いた合成法も報告されている。
Queiroz らはジアシル化された Z-デヒドロアミノ酸エステル 14, 15 に対し、TFA と NBS を二
段階またはワンポットで作用させ、β-Br-ΔAla (R = H) 16 またはβ-Br-ΔAbu (R = Me) 17 とへ変
換した。その際、16 は E 体のみが得られており、その理由として著者らは Boc 基の嵩高さに
よるものであると推察している。得られた E-16 および E/Z-17 とベンゾチオフェンボロン酸
との鈴木−宮浦カップリングによりβ位置換基を導入し、デヒドロアミノ酸エステル 18−23 が
単一の幾何異性体として得られた(Scheme 1-3)。ただし、E-17 を用いた場合は塩基による異性

































R1 = Me, Bn, R2 = Ph, Me
(1)
(2)





Sai, Joullié らの報告 12, 13) 
	 先に述べた Wandless らの報告では、E 体の合成に erythro-β-ヒドロキシアミノ酸エステルが
用いられたが、Sai らは threo-β-ヒドロキシアミノ酸エステル 24 からの E-選択的な脱水反応
を報告している。12)EDC と CuCl2を用い、加熱条件下にて短時間で処理することで E 体を主
生成物として得ている。しかしながら、反応時間を延長すると異性化が進行することが述べ
られている。 
	 また EDC を用いた脱水反応については、Joullié らがジペプチド 25 に対し、EDC-Cu(OTf)2














14 (R = H)
1) NBS
2) Et3N
15 (R = Me)
16 (R = H) : E only
17 (R = Me) : E : Z = 1 : 9
16 (R = H) : E only



















18 (R = H)
19 (R = Me)
20 (R = H)
21 (R = Me)
22 (R = H)





Nakamura らの報告 14) 
	 Fmoc-allo-Thr-OAllyl (27)に対し、ピリジン中でトリブチルホスフィンと 28 を作用させると
セレノエーテル 30 が生じ、これを過酸化水素で処理することでセレノキサイド 31 を経由し
て syn-脱離が進行し、E-ΔAbu が立体選択的に生じる(Scheme 1-5)。この際、生じる 30 は threo










































































木下らの報告 15, 16) 
	 木下らは E-デヒドロアミノ酸エステルの立体選択的な合成に、オキサゾリジノンを用いた
方法を報告している(Scheme 1-6)。15)N-Boc-N-フェノキシカルボニルグリシネート 32をLDA、









についても報告されている(Scheme 1-7)。16)α-トシルグリシン誘導体 35 を種々のニトロアル
カン 36 と DBU 存在下で反応させると、Ts 基の脱離によって生じるイミン中間体に対するニ
トロアルカンの求核攻撃とニトロ基の脱離を経て Z-デヒドロアミノ酸エステル 37 が生成す
る。ただし、本法はモノ置換デヒドロアミノ酸エステル合成には比較的高い選択性を示すも




























Schmidt らの報告 17) 










	 Yaku’amide (3)の全合成において井上らは、一級アミドとビニルヨウ素体 42 の銅触媒を用
いた C(sp2)−N カップリングによって E または Z-ΔIle の立体選択的合成を達成している 























































R1, R2 = H, Me, Et, Cy
P = Cbz, Boc-Ala, Boc-Leu
O
 10 
















が、Horner−Wadsworth−Emmons (HWE)反応を利用した Schmidt らの方法である(Scheme 1-10)。
17, 19)Schmidt 法は、ジアルキルホスホノグリシネートとアルデヒドを DBU などの塩基性条件








































Z-isomer : R1 = Me, R2 = Et





立体障害の少ない trans-TS2 が有利となるため、上側のパスを経由し Z 体が得られてくると推
定される。これは一般的な(α,β-不飽和エステルを与える)HWE 反応において、熱力学的に安






位置換基が cis の関係)を与えることを報告している(Scheme 1-11)。20)上記の反応機構から、








































































































置換基が cis の関係)を与える新規 HWE 試薬として、α-ジフェニルホスホノグリシネートを設
計した。本試薬はリン酸部位にフェノキシ基を有し、さらに金属塩の存在下で反応を行うこ
とで、先の安藤法と同様に cis-TS1’’を経て、熱力学的に不安定な E 体が得られてくると想定
した(Scheme 1-12)。実際にアルデヒド 44 と N-アシル化された 45 のオレフィン化を行ったと
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(Table 2-1)。α-ジフェニルホスホノグリシネート 47 は濱田らにより確立された条件 1)にて合
成した。反応条件は Pihko らが報告した、水素化ナトリウムとヨウ化ナトリウムを用いる条
件 2)と、安藤らによって報告されたDBUとヨウ化ナトリウムを用いる条件 3)の二つを用いた。
ベンズアルデヒドや m-ニトロベンズアルデヒドは NaH-NaI 条件下で高い収率・選択性を示し
た(entries 1 and 2)。電子供与基を持つ基質やヘテロ芳香環アルデヒドについても、収率は若干
低下するものの、同様の選択性を示した(entries 3 and 4)。N-Boc-プロリナール 49 では、82％
収率で高い選択性を伴って望む E-48e を与えた(entry 5)。セリン誘導体 50 を用いた場合、
NaH-NaI の条件では E-48f は立体選択性が高いものの低収率でしか得られず、ラクタム 52 が
主生成物として得られた(entry 6)。52 が得られた結果は、E-選択的にオレフィン化が進行した
後に、近接したエステル基とカーバメート基が分子内で環化したことを示している。そこで
より塩基性の低い DBU-NaI の条件でオレフィン化を試みたところ、E-48f を 74%収率(E : Z = 
92 : 8)にて得ることが出来た(entry 7)。一方でこれらの結果とは対照的に、脂肪族アルデヒド
を用いた場合、E-選択性は軒並み低下した。3-フェニルプロピオンアルデヒドでは高収率に
て生成物が得られたが、E/Z 選択性は 72 : 28 と中程度であった(entry 8)。イソブチルアルデヒ
ドのオレフィン化は、NaH-NaI 条件では望むデヒドロアミノ酸エステル E-48h の他にオキサ
ゾリジン-5-オン 53 が副生成物(26%)として得られた(entry 9)。DBU-NaI の条件を適用したと
ころ、53 の生成は抑えられたものの、E/Z 選択性は 1 : 1 に低下した(entry 10)。アセトアルデ
ヒドの場合も同様の結果を与えた(entry 11)。α位に酸素官能基を有するグリセルアルデヒド誘
導体 51 やエチルグリオキサレートでは、それぞれ高収率でデヒドロアミノ酸エステルが得ら
れた。しかしながら、どちらも立体選択性については中程度の結果であった(entries 12 and 13)。 
 18 
Table 2-1. Horner−Wadsworth−Emmons olefination of various aldehydes with phosphonate 47 
 



























a NaH (1.2 eq.), NaI (1.1 eq.) or DBU (1.2 eq.), NaI (1.3 eq.).
b Byproduct 52 formed in 66% yield. c Byproduct 52 formed in 21% yield.
d Byproduct 53 formed in 26% yield.








−78 to 0 oC, 3−4 h
entry
NaH, NaI 81% 67 : 33
EtO
O

































93% 72 : 28































	 2-1 にて述べたヨウ化ナトリウムを用いる条件は、いずれも E 体を優先的に与えるものの、





の結果(entry 1)と同様、DBU-NaI の条件でも選択性は低く、2 : 1 程度であった(entry 2)。そこ
で塩基を DBU に固定し、添加剤を種々検討した。ナトリウムと同じアルカリ金属であるカリ
ウムやリチウムでは Z 体が主生成物であり、望みの E 体はほとんど得られなかった(entries 3 
and 4)。一方で、臭化マグネシウムを用いた場合に収率・選択性ともに最も高い結果(99%, E : 
Z = 87 : 13)が得られた(entry 5)。カウンターアニオンを変えると選択性の低下が見られた(entry 
6)。塩化亜鉛を用いた場合も、再現性が見られなかったものの、E/Z 比は約 4 : 1 と比較的高
い選択性にて E 体が得られた(entry 7)。Still 試薬とケトンとの反応で Z-選択的にα,β-不飽和エ
ステルを与える長尾・佐野らの報告 4)を参考に、N-エチルピペリジンと Sn(OTf)2 の条件にて
オレフィン化を試みたが、生成物を痕跡量与えるのみであった(entry 8)。なお、添加剤を加え
ない場合は Z 体が選択的に得られたことから、添加剤の存在が E-選択性の発現には必須であ
ることが分かった(entry 9)。 
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Table 2-2. Effect of metal additives for E-stereoselectivity 
 
 
	 Table 2-1 および Table 2-2 に示した結果から、金属添加剤の効果は以下の(1)から(4)にまと
められる。 
(1) 金属塩が無い場合は、Z 体を選択的に与える。 
(2) アルカリ金属の比較では、ナトリウム塩が最も優れていた。特に芳香族アルデヒドの場合
において、その効果が顕著に示された。 












































































a Determined by 1H NMR after purification.




80 : 20d(2.0 eq.)
c not determined.  d not reproducible.
 21 
(entry 1)。ジクロロメタンやトルエン中で反応を行うと、E 体が主生成物として得られたが、
選択性は中程度であった(entries 2 and 3)。ジエチルエーテルを用いた場合、立体選択性は Z 体









ロロメタンやトルエンでは E/Z 比がおよそ 1 : 1~2 : 1 なのに対し、DME (DN: 23.9)や THF (DN: 
20)の場合は 4 : 1 以上の立体選択性を発現している。ドナー数が大きい溶媒はオレフィン化反





















































	 上記で確立した条件である DBU-MgBr2･OEt2、THF 溶媒にて基質一般性の調査を行った
(Scheme 2-1)。先の検討で用いた 3−フェニルプロピオンアルデヒドと同様に、アルキル基質で
あるイソブチルアルデヒドやアセトアルデヒドに対しても本条件は高い収率・選択性を示し
た。特にイソブチルアルデヒドの場合、NaH-NaI の条件で得られてきた副生成物 53 は、本反
応条件では全く得られてこなかった。一方で、安藤法の条件下(DBU-NaI)で高い選択性を示し
たベンズアルデヒドや N-Boc-プロリナール 49 に対しては、高収率で望みのデヒドロアミノ









用いる条件(NaH-NaI or DBU-NaI)にて E 体が高収率･高立体選択的に得られる。 












47 (1.1 eq.) yield (E : Z)
CO2Me
NHCbz







NaH, NaI : 93% (72 : 28)
DBU, MgBr2OEt2 : 100% (78 : 22)
NaH, NaI : 100% (52 : 48)
DBU, MgBr2OEt2 : 100% (90 : 10) + 53 (0%)











DBU, MgBr2OEt2 : 81% (74 : 26)
NaH, NaI : 93% (97 : 3)
DBU, MgBr2OEt2 : 80% (58 : 42)




DBU, MgBr2OEt2 : 97% (73 : 27)
DBU, ZnCl2 (2.0 eq.) : 92% (90 : 10)
O
O
NaH, NaI : 81% (67 : 33)
CO2Me
NHCbz
DBU, MgBr2OEt2 : 37% (89 : 11)




NaH, NaI : 82% (81 : 19)
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2-3	 N-Boc 及び N-アシル保護ジフェニルホスホノグリシネートの合成とオレフィン化反応 
 
ジフェニルホスホノグリシネート誘導体の合成 
	 Cbz 基以外の保護基を有するジフェニルホスホノグリシネートが E 体合成に利用可能であ
るかについて調査した。シュミット試薬における窒素保護基の変換 5)を参考に 47 の Cbz 基の
脱保護を試みたところ、アミン体 54 は極めて不安定であり、容易に分解することが分かった。
より求電子性の高いフェノキシ基を有するために 54 のリン酸部位の脱離が進行したことが
分解を招いたと考察した。この点は濱田の方法 6)を参考に、47 を塩酸共存下での Cbz 基の脱
保護により生じたアミンを塩酸塩 55 として捕捉、安定化させた後、酢酸または安息香酸と縮
合させることで、N-Ac 体 56 および N-Bz 体 57 が合成できた(Scheme 2-2)。 
 
Scheme 2-2. a) H2, Pd/C, HCl in MeOH, EtOAc; b) AcOH, EDCI, DMAP, CH2Cl2/DMF, 60% over 2 
steps; c) PhCO2H, EDCI, DMAP, CH2Cl2/DMF, 60% over 2 steps. 
 
	 一方で、塩酸塩 55 に対する N-Boc 化は分解物を与えた。濱田は別途、N-Boc グリシンメチ
ルエステルのα位のブロモ化と亜リン酸ジフェニルによる求核置換反応にて N-Boc 体 58 を合
成することに成功している。6)しかし一段階目のブロモ化の収率が低いために、総収率は 45％
にとどまっていた。そこでビスカルバメートを経由する新たな合成法を検討した。Cbz 体 47
の N-Boc 化によりビスカルバメート 59 とした。続いて水素添加反応条件下 Cbz 基の脱保護




























Scheme 2-3. a) Boc2O, DMAP, CH2Cl2, 76%; b) H2, Pd/C, MeOH, 97%. 
 
56−58 のオレフィン化反応 
	 56−58 が合成できたので、ベンズアルデヒドおよび 3-フェニルプロピオンアルデヒドに対
してオレフィン化を試みた(Scheme 2-4)。N-Boc 体 58 はどちらのアルデヒドに対しても高収
率･高立体選択性で E-デヒドロアミノ酸エステル 60, 63 を与えた(94−99%, E : Z = 89 : 11~96 : 
4)。しかしながら、N-Ac 体 56 では選択性が中程度に低下した。さらに N-Bz 体 57 では、ベ
ンズアルデヒドとの反応の場合、予想に反し、得られたデヒドロアミノ酸エステル 62 は Z 体































56, 57 or 58 (1.1 eq.)
NaH (1.2 eq.)
NaI (1.1 eq.)




60 : P = Boc (94%, E : Z = 96 : 4)
61 : P = Ac (72%, E : Z = 68 : 32)
Ph
CHO







63 : P = Boc (99%, E : Z = 89 : 11)
64 : P = Ac (95%, E : Z = 67 : 33)
62 : P = Bz (47%, E : Z = 42 : 58)
65 : P = Bz (81%, E : Z = 60 : 40)
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2-4	 E/Z 幾何異性の決定 
 
	 E-デヒドロアミノ酸エステル 48, 60−65 の幾何異性は、それぞれの異性体の 1H NMR の比較
により決定した(Table 2-4)。48i, j, 61−63 (entries 9, 10, and 13−15)は既知のデータ 10, 11, 13, 14)との
比較で、48c, g, h, 60 (entries 3, 7, 8 and 12)については、マイナー生成物と既知の Z 体のデータ
7-9, 12)が一致したので、主生成物が E 体であると決定した。また 48b, e, f ではα-ジメチルホス
ホノグリシネートを用いて別途 Z 体を合成し、立体化学を確かめた(entries 2, 5 and 6)。48d, k
は、アミドプロトンの分子内水素結合の有無により E 体･Z 体を区別した(entries 4 and 11)。ま
た、得られた全てのデヒドロアミノ酸エステルにおいて、E 体のビニルプロトンは Z 体のそ
れよりも低磁場に観測された。その他にも、アミドプロトンについて、分子内水素結合がな
い場合は E 体の方が Z 体よりも低磁場に観測される傾向が見出された。これらの傾向は
Mazukiewicz らによって報告されたデータ 15)と一致している。64 と 65 については、これらの
傾向を基に E 体･Z 体を区別した(entries 16 and 17)。 
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E-Ha         Z-Ha (δ : ppm)a E-Hb        Z-Hb (δ : ppm)a













































































	 反応メカニズムの詳細を調べるため式 1−3 のオレフィン化反応を試みた(Scheme 2-5)。まず
始めに、安藤試薬 663)と 3-フェニルプロピオンアルデヒドとの反応により、試薬 47 の-NHCbz
基が反応に及ぼす効果を調べた。その結果、α,β-不飽和オレフィン 67 は熱力学的に安定な E
体が主生成物として得られた (式 1、E : Z = 86 : 14)。この結果から、HWE 試薬のα位置換基
の存在が立体選択性に影響を与えることが示唆された。そこで二つ目の反応では、α位置換基
をアミド基からメチル基にした 6816)とのオレフィン化反応を行った。すると結果は式 1 と同















a Superscript number is reference number. b Olefin protons overlap into aromatic protons. c Ha and Hb are 
observed at the same position. d Hb of Z-60 and Z-62 has not been assigned in ref. 12 (for Z-60) and 13 (for Z-62).











E-Ha         Z-Ha (δ : ppm)a E-Hb        Z-Hb (δ : ppm)a













	 α位置換基を水素やアルキル基にした HWE 試薬では、熱力学的安定型のオレフィンが主生
成物として得られた。一方で安藤らは、66 は DBU-NaI の条件、68 は NaH を用いる条件にて、
















































E : Z = 81 : 19
69












































All reagents and solvents were purchased from either Aldrich Chemical Company, Inc., 
Kanto Kagaku Co., Inc., Merck & Co., Inc., Nacalai Tesque Company, Ltd., Peptide Institute, Tokyo 
Kasei Kogyo Co., Ltd., or Wako Pure Chemical Industries, Ltd., and used without further purification 
unless otherwise indicated. Dichloromethane (CH2Cl2) was distilled from phosphoric pentaoxide 
(P2O5). Methanol (MeOH) was distilled from magnesium turning and iodine. Dimethyl sulfoxide 
(DMSO) was dried with MS 4A, then fractionally distilled under reduced pressure. Tetrahydrofuran 
(THF), ethanol (EtOH), acetonitrile (MeCN), chloroform (CHCl3), toluene, and dimethylformamide 
(DMF) of anhydrous grade were used. 
Optical rotations were taken on a JASCO P-1030 polarimeter with a sodium lamp (D line).	  
Melting points were determined with a Yanaco MP-21 melting point apparatus and were uncorrected.	 
FTIR spectra were measured on a JASCO FT/IR-6200 infrared spectrophotometer. 1H NMR spectra 
were recorded on an either Bruker AVANCE 300 (300 MHz), JEOL JNM-LA 400 (400 MHz), or 
Bruker AVANCE 600 (600 MHz) spectrometer. Chemical shifts of 1H NMR were reported in perts 
per million (ppm, δ) relative to CHCl3 (δ = 7.26) in CDCl3, C6D5H (δ = 7.16) in C6D6, or HDO (δ = 
4.79) in D2O. 13C NMR spectra were recorded on an either Bruker AVANCE 300 (75 MHz), JEOL 
JNM-LA 400 (100 MHz), Varian Unity Plus 500 (125 MHz), or Bruker AVANCE 600 (150 MHz) 
spectrometer. Chemical shifts of 13C NMR were reported in ppm (δ) relative to CHCl3 (δ = 77.0) in 
CDCl3, CH3OH (δ = 49.0) in D2O. Low resolution mass spectra (LRMS) and High resolution mass 
spectra (HRMS) were obtained on an JEOL JMS-AX500 for fast atom bombardment ionization (FAB) 
or chemical ionization (CI). All reactions were monitored by thin layer chromatography (TLC), which 
was performed with precoated plates (silica gel 60 F-254, 0.25 mm thickness, manufactured by 
Merck). TLC visualization was accompanied using UV lamp (254 nm) or a charring solution (ethanoic 
phosphomolybdic acid, aqueous potassium permanganate and butanoic ninhydrin). Daisogel IR-60 
1002W (40/63 mm) was used for flash column chromatography on silica gel. COSMOSIL® 
140C18-OPN was used for reversed-phase column chromatography. 
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Experimental Section for Chapter 2 
 
Methyl 2-acetamido-2-(diphenoxyphosphoryl)acetate (56) 
 
 To a solution of 471) (2.00 g, 4.39 mmol) in EtOAc (44 mL) was added methanolic HCl 
(prepared from 15 mL of methanol and 2.4 mL of AcCl) and 10% Pd/C (200 mg, 10 wt%) at 0 ℃. 
The mixture was stirred under hydrogen for 4 h at room temperature. After filtration, the filtrate was 
concentrated under reduced pressure to give amine hydrochloride salt 55 which was subjected to the 
next acylation without further purification. Acetic acid (0.25 mL, 4.39 mmol), DMAP (269 mg, 2.20 
mmol), and EDCI (926 mg, 4.83 mmol) were subsequently added to a solution of the residue 55 in 
CH2Cl2/DMF (2 : 1, 44 mL) at 0 ℃ under argon. The mixture was stirred for 17 h at room 
temperature, quenched with sat. NH4Cl (45 mL), and extracted with EtOAc (45 mL x 3). The 
combined organic layers were washed with brine (130 mL), dried over MgSO4, and filtered. The 
filtrate was concentrated under reduced pressure. The residue was purified by column chromatography 
on silica gel (hexane/EtOAc = 7 : 1 to 1 : 2) to give 56 (931 mg, 60% over 2 steps) as a colorless 
sticky oil; 
FTIR (neat) 3287, 3061, 2954, 1750, 1667, 1590, 1532, 1489, 1456, 1436, 1372, 1282, 1207, 1183, 
1161, 1071, 1025, 1009 cm-1; 
1H NMR (300 MHz, CDCl3) δ 7.35-7.28 (m, 4 H), 7.21-7.15 (m, 6 H), 6.77 (brd, J = 9.0 Hz, 1 H), 
5.62 (dd, J = 23.3, 9.0 Hz, 1 H), 3.76 (s, 3 H), 1.98 (s, 3 H); 
13C NMR (75 MHz, CDCl3) δ 170.0 (d, 2JCP = 6.3 Hz), 166.6 (d, 3JCP = 3.5 Hz), 150.3 (d, 2JCP = 9.3 
Hz), 150.2 (d, 2JCP = 9.4 Hz), 129.9, 125.7, 120.41 (d, 3JCP = 4.5 Hz), 120.35 (d, 3JCP = 4.3 Hz), 53.4, 
51.0 (d, 1JCP = 153.4 Hz), 22.7; 
HRMS (FAB) calcd for C17H19NO6P m/z 364.0950 [M+H]+, found 364.0950. 
 
Note: Some of 13C-NMR signals of the Ph groups of 56−59 are non-equivalent. The non-equivalency 
of the Ph group of -P=O(OPh)2 was reported in the known phenyl phosphonates: 
(PhO)2P(=O)CH2CO2Et and (PhO)2P(=O)CH(CH2CO2Et)CO2Et.18) 13C-NMR spectra of 56−59 are 















Methyl 2-benzamido-2-(diphenoxyphosphoryl)acetate (57) 
 
 To a solution of 471) (1.30 g, 2.85 mmol) in EtOAc (29 mL) was added methanolic HCl 
(prepared from 9.5 mL of methanol and 1.5 mL of AcCl) and 10% Pd/C (130 mg, 10 wt%) at 0 ℃. 
The mixture was stirred under hydrogen for 4 h at room temperature. After filtration, the filtrate was 
concentrated under reduced pressure to give amine hydrochloride salt 55 which was subjected to the 
next acylation without further purification. Benzoic acid (349 mg, 2.85 mmol), DMAP (174 mg, 1.43 
mmol), and EDCI (602 mg, 3.14 mmol) were subsequently added to a solution of the residue 55 in 
CH2Cl2/DMF (2 : 1, 30 mL) at 0 ℃ under argon. The mixture was stirred for 23 h at room 
temperature, quenched with sat. NH4Cl (30 mL), and extracted with EtOAc (30 mL x 3). The 
combined organic layers were washed with brine (90 mL), dried over MgSO4, and filtered. The filtrate 
was concentrated under reduced pressure. The residue was purified by column chromatography on 
silica gel (hexane/EtOAc = 12 : 1 to 3 : 1) and recrystalized from hexane-EtOAc to give 57 (721 mg, 
60% over 2 steps) as a white solid; 
mp 96-97 ℃ 
FTIR (neat) 3290, 3062, 2954, 1742, 1660, 1590, 1530, 1488, 1456, 1437, 1313, 1267, 1204, 1183, 
1161, 1071, 1025, 1009 cm-1; 
1H NMR (300 MHz, CDCl3) δ 7.76-7.73 (m, 2H), 7.51 (m, 1H), 7.41-7.31 (m, 4H), 7.28-7.11 (m, 9H), 
5.88 (dd, J =23.1, 9.3 Hz, 1H), 3.80 (s, 3H); 
13C NMR (75 MHz, CDCl3) δ 166.9 (d, 2JCP = 6.1 Hz), 166.1 (d, 3JCP = 4.6 Hz), 149.93 (d, 2JCP = 9.4 
Hz), 149.86 (d, 2JCP = 9.4 Hz), 132.6, 131.6, 129.46, 129.40, 128.0, 127.3, 125.23, 125.15, 120.1 (d, 
3JCP = 4.5 Hz), 120.0 (d, 3JCP = 4.5 Hz), 53.0, 50.9 (d, 1JCP = 157.0 Hz); 
HRMS (FAB) calcd for C17H19NO6P m/z 426.1106 [M+H]+, found 426.1112. 
 
N-Boc-N-Cbz-α-(diphenylphosphono)glycine methyl ester (59) 
 
 To a solution 471) (126 mg, 278 µmol) in CH2Cl2 (2.8 mL) was added Boc2O (96 µL, 416 



















temperature. The solution was quenched with sat. NH4Cl (10 mL) and extracted with EtOAc (10 mL x 
3). The combined organic layers were washed with brine (30 mL), dried over MgSO4, filtered, and 
concentrated under reduced pressure. The residue was purified by flash column chromatography 
(hexane/EtOAc = 8 : 1 to 6 : 1) to give 59 (118 mg, 76%) as a colorless sticky oil; 
FTIR (neat) 3489, 3011, 1744, 1591, 1490, 1456, 1437, 1396, 1370, 1353, 1281, 1214, 1184, 1146, 
1109, 1025, 1008 cm-1; 
1H NMR (300 MHz, CDCl3) δ 7.39-7.25 (m, 9 H), 7.15 (t, J = 7.8 Hz, 6 H), 5.98 (d, J = 26.7 Hz, 1 H), 
5.28 (d, J = 12.0 Hz, 1 H), 5.19 (d, J = 12.0 Hz, 1 H), 3.77 (s, 3 H), 1.41 (s, 9 H); 
13C NMR (75 MHz, CDCl3) δ 165.2 (d, 2JCP = 6.3 Hz), 153.16, 153.14, 150.7, 150.5 (d, 2JCP = 9.7 Hz), 
150.4 (d, 2JCP = 9.0 Hz), 134.9, 129.8, 129.6, 128.5, 125.35, 125.28, 120.7 (d, 3JCP = 4.5 Hz), 120.5 (d, 
3JCP = 4.5 Hz), 85.1, 69.5, 57.2 (d, 1JCP = 167.2 Hz), 53.1, 27.8; 
HRMS (CI) calcd for C28H31NO9P m/z 556.1736 [M+H]+, found 556.1736. 
 
Methyl 2-((tert-butoxycarbonyl)amino)-2-(diphenoxyphosphoryl)acetate (58) 
 
 To a solution of 59 (449 mg, 809 µmol) in MeOH (4.0 mL) was added 10% Pd/C (44.9 mg, 
10 wt%), the mixture was stirred under hydrogen for 2.5 h at room temperature. After filtration, the 
filtrate was concentrated under reduced pressure. The residue was purified by flash column 
chromatography (hexane/EtOAc = 7 : 1 to 3 : 1 ) to give 58 (332 mg, 97%) as a colorless sticky oil; 
FTIR (neat) 3288, 2979, 1751, 1720, 1591, 1491, 1456, 1437, 1367, 1311, 1288, 1209, 1184, 1161, 
1026, 1009 cm-1; 
1H NMR (400 MHz, CDCl3) δ 7.34-7.29 (m, 4 H), 7.21-7.18 (m, 6 H), 5.55 (brd, J = 9.4 Hz, 1 H), 
5.24 (dd, J = 23.6, 9.4 Hz, 1 H), 3.78 (s, 3 H), 1.43 (s, 9 H); 
13C NMR (75 MHz, CDCl3) δ 166.9 (d, 2JCP = 4.3 Hz), 154.7 (d, 3JCP = 8.8 Hz), 150.11 (d, 2JCP = 9.4 
Hz), 150.06 (d, 2JCP = 9.2 Hz), 129.9, 125.6, 120.40 (d, 3JCP = 4.1 Hz), 120.35 (d, 3JCP = 4.2 Hz), 81.2, 
53.4, 52.5 (d, 1JCP = 153.3 Hz), 28.2; 






General Procedure for Preparation of E-Dehydroamino Acid Esters 
 
1. NaH/NaI condition 
To a solution of 47 (50.1 mg, 0.11 mmol) and NaI (16.5 mg, 0.11 mmol) in THF (1 mL) 
was added NaH (4.8 mg, 0.12 mmol, 60% suspension in mineral oil) at 0 ℃ under argon. The 
mixture was stirred for 10 min at 0 ℃ and cooled to −78 ℃. Aldehyde (0.1 mmol) in THF (1 mL) 
was added to the mixture. The mixture was stirred for 5 min at −78 ℃, gradually warmed to 0 ℃ for 
3 h, quenched with sat. NH4Cl (5 mL), and extracted with EtOAc (5 mL x 3). The combined organic 
layers were washed with brine (15 mL), dried over MgSO4, and filtered. The filtrate was concentrated 
under reduced pressure. The residue was purified by flash column chromatography on silica gel to 
give the corresponding dehydroamino acid derivatives. 
 
2. DBU/NaI condition 
To a solution of 47 (50.1 mg, 0.11 mmol) and NaI (19.5 mg, 0.13 mmol) in THF (1.3 mL) 
was added DBU (17.9 µL, 0.12 mmol) at 0 ℃ under argon. The mixture was stirred for 10 min at 
0 ℃ and cooled to −78 ℃. Aldehyde (0.1 mmol) in THF (1 mL) was added to the mixture. The 
mixture was gradually warmed to 0 ℃ with stirring for 3 h, quenched with sat. NH4Cl (5 mL), and 
extracted with EtOAc (5 mL x 3). The combined organic layers were washed with brine (15 mL), 
dried over MgSO4, and filtered. The filtrate was concentrated under reduced pressure. The residue was 
purified by flash column chromatography on silica gel to give the corresponding dehydroamino acid 
derivatives. 
 
3. DBU/MgBr2･OEt2 condition 
To a solution of 47 (50.1 mg, 0.11 mmol) and MgBr2･OEt2 (25.8 mg, 0.1 mmol) in THF (1 
mL) was added DBU (14.9 µL, 0.1 mmol) at 0 ℃ under argon. The mixture was stirred for 30 min at 
0 ℃. Aldehyde (0.1 mmol) in THF (1 mL) was added to the mixture. The mixture was stirred for 17 h 
at room temperature, quenched with sat. NH4Cl (5 mL), and extracted with EtOAc (5 mL x 3). The 
combined organic layers were washed with brine (15 mL), dried over MgSO4, and filtered. The filtrate 
was concentrated under reduced pressure. The residue was purified by flash column chromatography 











4. DBU/ZnCl2 condition 
To a solution of 47 (50.1 mg, 0.11 mmol) and ZnCl2 (200 µL in 1.0 M solution of Et2O, 0.2 
mmol) in THF (1 mL) was added DBU (14.9 µL, 0.1 mmol) at 0 ℃ under argon. The mixture was 
stirred for 30 min at 0 ℃. Aldehyde (0.1 mmol) in THF (1 mL) was added to the mixture. The 
mixture was stirred for 16 h at room temperature, quenched with sat. NH4Cl (5 mL), and extracted 
with EtOAc (5 mL x 3). The combined organic layers were washed with brine (15 mL), dried over 
MgSO4, and filtered. The filtrate was concentrated under reduced pressure. The residue was purified 
by flash column chromatography on silica gel to give the corresponding dehydroamino acid 
derivatives. 
 
5. Syntheses of Z-2b, Z-2e, and Z-2f using Schmidt reagent 70 
 
To a solution of 7017) (0.3 mmol) in THF (0.5 mL) was added TMG (0.3 mmol) at 0 ℃ 
under argon. The mixture was stirred for 10 min at room temperature and stirred for 5 min at −78 ℃. 
A solution of aldehyde (m-nitrobenzaldehyde for Z-48b, N-Boc-prolinal 49 for Z-48e, or 
N-Boc-O-TBS-serinal 50 for Z-48f) (0.1 mmol) in THF (0.5 mL) was added to the mixture. The 
mixture was stirred for 5 min at −78 ℃, warmed to room temperature with stirring for 3h, quenched 
with sat. NH4Cl (5 mL), and extracted with EtOAc (5 mL x 3). The combined organic layers were 
washed with brine (15 mL), dried over MgSO4, and filtered. The filtrate was concentrated under 
reduced pressure. The residue was purified by flash column chromatography on silica gel to give 
novel Z-48b, Z-48e, and Z-48f in a highly stereoselective manner. These analytical data were identical 
with those of Z-isomers obtained as a minor product from the HWE olefination reactions with 47. 
 
Analytical Data of New Dhaas 
Spectroscopic data of Z-48a,7) Z-48c,8) Z-48g,9) Z-48h,9) E-48i,10) Z-48i,10) E-48j,11) Z-48j,11) Z-60,12) 
61,13) 62,13) 63,14) 6719), and 6920, 21) were identical to those of reported data. Spectroscopic data of other 
new E- or Z-48 were reported in this section. 
 












FTIR (neat) 3317, 3030, 2952, 1728, 1639, 1520, 1439, 1381, 1225, 1055 cm-1; 
1H NMR (400 MHz, CDCl3) δ 7.66 (brs, 1 H), 7.41-6.99 (m, 10 H), 6.97 (brs, 1 H), 5.18 (s, 2 H), 3.62 
(s, 3 H); 
13C NMR (75 MHz, CDCl3) δ 164.9, 153.5, 135.9, 135.4, 128.8, 128.7, 128.5, 128.4, 127.9, 127.6, 
125.7, 124.6, 67.3, 52.3; 
HRMS (FAB) calcd for C18H17NO4 m/z 311.1158 [M・]+, found 311.1155. 
 
(E)-Methyl 2-(((benzyloxy)carbonyl)amino)-3-(3-nitrophenyl)acrylate (E-48b) 
 
Pale yellow oil; 
FTIR (neat) 3330, 3068, 3033, 2954, 1727, 1705, 1639, 1525, 1439, 1350, 1221, 1049 cm-1; 
1H NMR (400 MHz, CDCl3) δ 8.12-8.10 (m, 2 H), 7.82 (brs, 1 H), 7.54 (d, J = 8.0 Hz, 1 H), 7.47 (t, J 
= 7.8 Hz, 1 H), 7.41-7.35 (m, 5 H), 7.19 (brs, 1 H), 5.20 (s, 2 H), 3.64 (s, 3 H); 
13C NMR (75 MHz, CDCl3) δ 163.8, 153.3, 147.9, 137.5, 135.6, 134.9, 128.72, 128.70, 128.6, 128.4, 
127.3, 123.8, 122.1, 120.9, 67.5, 52.7; 
HRMS (FAB) calcd for C18H16N2O6 m/z 357.1086 [M+H]+, found 357.1087. 
 
(Z)-Methyl 2-(((benzyloxy)carbonyl)amino)-3-(3-nitrophenyl)acrylate (Z-48b) 
 
White solid, recrystallized from EtOAc-hexane; 
mp 112 ℃ (dec.) 
FTIR (neat) 3259, 3074, 2951, 1720, 1693, 1523, 1504, 1439, 1352, 1308, 1281, 1255, 1236, 1213, 
1144, 1063 cm-1; 
1H NMR (400 MHz, CDCl3) δ 8.31 (s, 1 H), 8.12 (d, J = 8.1 Hz, 1 H), 7.74 (d, J = 7.8 Hz, 1 H), 7.45 
(dd, J = 8.1, 7.8 Hz, 1 H), 7.34-7.29 (m, 6 H), 6.74 (brs, 1 H), 5.07 (s, 2 H), 3.87 (s, 3 H); 
13C NMR (75 MHz, CDCl3) δ 165.1, 152.9, 148.2, 135.9, 135.5, 134.9, 129.3, 128.5, 128.4, 
128.3, 127.2, 125.8, 124.0, 123.5, 67.9, 53.0; 









Anal. calcd for C18H16N2O6: C, 60.67; H, 4.53; N, 7.86. found: C, 60.66; H, 4.48; N, 7.79. 
 
(E)-Methyl 2-(((benzyloxy)carbonyl)amino)-3-(4-methoxyphenyl)acrylate (E-48c) 
 
Colorless oil; 
FTIR (neat) 3325, 3032, 2952, 2839, 1726, 1606, 1510, 1439, 1369, 1304, 1248, 1228, 1178, 1053 
cm-1; 
1H NMR (400 MHz, CDCl3) δ 7.52 (brs, 1 H), 7.39-7.32 (m, 5 H), 7.23 (d, J = 8.7 Hz, 2 H), 6.93 (brs, 
1 H), 6.84 (d, J = 8.7 Hz, 2 H), 5.17 (s, 2 H), 3.82 (s, 3 H), 3.66 (s, 3 H); 
13C NMR (75 MHz, CDCl3) δ 165.0, 159.3, 153.7, 136.0, 130.5, 128.7, 128.44, 128.35, 127.4, 125.6, 
124.3, 113.4, 67.3, 55.3, 52.3; 
HRMS (FAB) calcd for C19H19NO5 m/z 341.1263 [M+H]+, found 341.1261. 
 
(E)-Methyl 2-(((benzyloxy)carbonyl)amino)-3-(pyridin-2-yl)acrylate (E-48d) 
 
Pale yellow oil; 
FTIR (neat) 3307, 3033, 2951, 1730, 1639, 1527, 1471, 1437, 1387, 1221, 1057 cm-1; 
1H NMR (400 MHz, CDCl3) δ 8.51 (d, J = 4.9 Hz, 1 H), 7.60 (m, 1 H), 7.38-7.31 (m, 6 H), 7.19 (d, J 
= 7.8 Hz, 1 H), 7.10 (dd, J = 7.4, 4.9 Hz, 1 H), 7.00 (brs, 1 H), 5.17 (s, 2 H), 3.67 (s, 3 H); 
13C NMR (75 MHz, CDCl3) δ 165.5, 154.2, 153.1, 149.0, 136.0, 135.7, 129.8, 128.7, 128.5, 128.4, 
123.6, 121.8, 118.5, 67.5, 52.5; 
HRMS (FAB) calcd for C17H16N2O4 m/z 313.1188 [M+H]+, found 313.1185. 
 
(Z)-Methyl 2-(((benzyloxy)carbonyl)amino)-3-(pyridin-2-yl)acrylate (Z-48d) 
 
Pale yellow oil; 
FTIR (neat) 3030, 2954, 1732, 1643, 1487, 1311, 1282, 1219, 1149, 1061 cm-1; 
1H NMR (400 MHz, CDCl3) δ 11.26 (brs, 1 H), 8.57 (d, J = 4.4 Hz, 1 H), 7.68 (td, J = 7.8, 1.9 Hz, 1 










13C NMR (75 MHz, CDCl3) δ 165.7, 155.0, 153.8, 148.5, 136.9, 136.0, 134.1, 128.6, 128.5, 128.4, 
125.2, 122.0, 113.1, 67.7, 52.7; 






As a mixture of rotamers (4 : 3), white amorphous solid. E/Z isomer was separated using PLC (silica 
gel 60 F-254, 0.5 mm thickness, manufactured by Merck). 
[α]D25 −9.6 (c 0.92, CHCl3) 
FTIR (neat) 3346, 2978, 2879, 1730, 1697, 1518, 1398, 1367, 1221, 1165, 1045 cm-1; 
1H NMR (400 MHz, CDCl3) δ 7.37-7.28 (m, 5 H), 6.84 (brs, 1 H), 5.17-5.12 (m, 3 H), 3.81 (s, 12/7 H), 
3.79 (s, 9/7 H), 2.23 (m, 1 H), 1.92-1.70 (m, 3 H), 1.42 (s, 27/7 H), 1.35 (s, 36/7 H); 
13C NMR (75 MHz, CDCl3) δ 163.9, 154.5, 153.4, 136.1, 129.9, 128.7, 128.4, 128.3, 123.6, 123.5, 
79.3, 67.9, 67.0, 55.7, 55.3, 52.6, 46.9, 46.4, 33.6, 28.4, 24.5, 23.9; 







[α]D21 +171 (c 1.6, CHCl3); 
FTIR (neat) 3309, 2978, 2881, 1728, 1674, 1498, 1402, 1367, 1329, 1225, 1169, 1057 cm-1; 
1H NMR (400 MHz, CDCl3) δ 8.55 (brs, 1 H), 7.37-7.31 (m, 5 H), 5.97 (d, J = 9.8 Hz, 1 H), 5.20-5.14 
(m, 2 H), 4.52 (t, J = 7.6 Hz, 1 H), 3.77 (s, 3 H), 3.43-3.27 (m, 2 H), 2.06-1.80 (m, 4 H), 1.43 (s, 9 H); 








53.2, 52.4, 46.6, 31.2, 28.5, 24.1; 







[α]D24 +12.8 (c 1.58, CHCl3) 
FTIR (neat) 3406, 2956, 2931, 2858, 1712, 1518, 1365, 1221, 1169, 1103, 1043 cm-1; 
1H NMR (300 MHz, CDCl3) δ 7.37-7.30 (m, 5 H), 6.96 (brs, 1 H), 6.81 (brd, J = 6.6 Hz, 1 H), 
5.15-5.12 (m, 4 H), 3.83 (s, 3 H), 3.78-3.74 (dd, J = 10.1, 3.9 Hz, 1 H), 3.65 (dd, J = 10.1, 4.6 Hz, 1 
H), 1.43 (s, 9 H), 0.9 (s, 3 H), 0.04 (s, 3 H); 
13C NMR (75 MHz, CDCl3) δ 163.8, 155.5, 153.2, 136.0, 128.7, 128.5, 128.4, 128.3, 125.4, 79.5, 67.0, 
65.9, 52.9, 50.7, 28.5, 26.0, 18.4, -5.33, -5.35; 







[α]D22 +57.9 (c 1.5, CHCl3) 
FTIR (neat) 3363, 2956, 2931, 2858, 1728, 1498, 1392, 1367, 1313, 1252, 1225, 1167, 1115, 1051 
cm-1; 
1H NMR (300 MHz, CDCl3) δ 8.05 (brs, 1 H), 7.37-7.27 (m, 5 H), 6.24 (brd, J = 9.6 Hz, 1 H), 
5.20-5.10 (m, 3 H), 4.36 (m, 1 H), 3.80-3.64 (m, 5 H), 1.42 (s, 9 H), 0.91 (s, 9 H), 0.08 (s, 6 H); 
13C NMR (75 MHz, CDCl3) δ 165.2, 156.3, 154.5, 136.3, 129.6, 128.5, 128.3, 128.2, 80.4, 67.3, 64.2, 
52.5, 49.1, 28.4, 25.9, 18.4, -5.01, -5.38; 











(E)-Methyl 2-(((benzyloxy)carbonyl)amino)-5-phenylpent-2-enoate (E-48g) 
 
Colorless oil; 
FTIR (neat) 3408, 3028, 2952, 1730, 1709, 1645, 1520, 1454, 1439, 1360, 1223, 1045 cm-1; 
1H NMR (400 MHz, CDCl3) δ 7.39-7.21 (m, 10 H), 6.90-6.80 (m, 2 H), 5.15 (s, 2 H), 3.79 (s, 3 H), 
2.91-2.84 (m, 2 H), 2.80-2.76 (m, 2 H); 
13C NMR (75 MHz, CDCl3) δ 164.4, 153.8, 141.5, 136.1, 130.1, 128.7, 128.5, 128.43, 128.37, 128.30, 
126.1, 125.0, 67.0, 52.4, 35.9, 30.3; 
HRMS (FAB) calcd for C20H21NO4 m/z 340.1549 [M+H]+, found 340.1551. 
 
The E/Z ratio of E-48g/Z-48g was determined by 1H NMR using C6D6. 
1H NMR (300 MHz, C6D6) δ 7.20-7.02 (m, 11 H), 6.72 (brs, 1 H), 5.00 (s, 2 H), 3.15 (s, 3 H), 2.81 (q, 
J = 7.7 Hz, 2 H), 2.59 (t, J = 7.7 Hz, 2 H). 
 
(Z)-Methyl 2-(((benzyloxy)carbonyl)amino)-5-phenylpent-2-enoate (Z-48g)9) 
 
The E/Z ratio of E-48g/Z-48g was determined by 1H NMR using C6D6. 
1H NMR (300 MHz, C6D6) δ 7.15-6.97 (m, 10 H), 6.59 (t, J = 7.2 Hz, 1 H), 5.90 (brs, 1 H), 4.99 (s, 2 
H), 3.25 (s, 3 H), 2.52-2.48 (m, 2 H), 2.43-2.38 (m, 2 H). 
 
(E)-Methyl 2-(((benzyloxy)carbonyl)amino)-4-methylpent-2-enoate (E-48h) 
 
Colorless oil; 
FTIR (neat) 3336, 2967, 1736, 1708, 1649, 1518, 1439, 1362, 1333, 1250, 1047 cm-1; 
1H NMR (300 MHz, CDCl3) δ 7.38-7.30 (m, 5 H), 6.73 (brs, 1 H), 6.60 (brd, J = 9.9 Hz, 1 H), 5.13 (s, 
2 H), 3.81 (s, 3 H), 3.34 (dq, J = 9.9, 6.6 Hz, 1 H), 1.05 (d, J = 6.6 Hz, 6 H); 
13C NMR (75 MHz, CDCl3) δ 164.6, 153.9, 138.4, 136.2, 128.7, 128.4, 128.3, 122.9, 70.0, 52.4, 27.5, 
23.1; 











4-Ethyl 1-methyl 2-(((benzyloxy)carbonyl)amino)maleate (E-48k) 
 
Colorless oil; 
FTIR (neat) 3299, 3035, 2980, 2953, 1744, 1627, 1534, 1438, 1382, 1345, 1306, 1209, 1150, 1035 
cm-1; 
1H NMR (300 MHz, CDCl3) δ 7.38-7.32 (m, 5 H), 7.10 (brs, 1 H), 6.43 (brs, 1 H), 5.14 (s, 2 H), 4.17 
(q, J = 7.1 Hz, 2 H), 3.84 (s, 3 H), 1.26 (t, J = 7.1 Hz, 3 H);  
13C NMR (75 MHz, CDCl3) δ 166.1, 163.7, 152.1, 137.4, 135.0, 128.6, 128.4, 105.8, 67.9, 60.8, 53.2, 
14.1; 
HRMS (FAB) cald for C15H18NO6 m/z 308.1129 [M+H]+, found 308.1135. 
 
4-Ethyl 1-methyl 2-(((benzyloxy)carbonyl)amino)fumarate (Z-48k) 
 
Colorless oil; 
FTIR (neat) 3298, 2927, 2854, 1743, 1685, 1634, 1483, 1399, 1365, 1282, 1203, 1186, 1147, 1066, 
1030 cm-1; 
1H NMR (300 MHz, CDCl3) δ 9.72 (brs, 1 H), 7.39-7.33 (m, 5 H), 5.46 (s, 1 H), 5.17 (s, 2 H), 4.19 (q, 
J = 7.1 Hz, 2 H), 3.84 (s, 3 H), 1.28 (t, J = 7.1 Hz, 3 H); 
13C NMR (75 MHz, CDCl3) δ 167.7, 164.0, 152.3, 144.0, 135.0, 128.6, 128.5, 128.4, 100.7, 68.2, 60.8, 
53.0, 14.1; 







[α]D25 +49.3 (c 3.4, CHCl3) 













1213, 1157, 1115 cm-1; 
1H NMR (400 MHz, CDCl3) δ 7.38-7.32 (m, 5 H), 7.03 (brs, 1 H), 6.94 (brs, 1 H), 5.20 (s, 2 H), 4.54 
(m, 1 H), 4.09 (dd, J = 9.5, 3.2 Hz, 1 H), 3.75 (dd, J = 9.5, 6.4 Hz, 1 H), 1.56 (s, 9 H), 0.84 (s, 9 H), 
0.02 (s, 6 H); 
13C NMR (75 MHz, CDCl3) δ 165.2, 153.0, 149.1, 135.5, 129.8, 128.6, 128.5, 128.1, 120.9, 83.5, 67.5, 
62.5, 60.7, 28.1, 25.7, 18.1, −5.46, −5.50; 
HRMS (FAB) calcd for C24H36N2O6Si m/z 477.2421 [M+H]+, found 477.2427. 
 
Benzyl 2− isopropyl-4-(2-methylpropylidene)-5-oxooxazolidine-3-carboxylate (53) 
 
Colorless oil: 
FTIR (neat) 2968, 1786, 1724, 1658, 1468, 1410, 1367, 1346, 1290, 1255, 1224, 1119, 1101 cm-1; 
1H NMR (400 MHz, CDCl3) δ 7.42-7.33 (m, 5 H), 6.49 (brs, 1 H), 5.66 (d, J = 2.7 Hz, 1 H), 5.26 (d, J 
= 12.2 Hz, 1 H), 5.22 (d, J = 12.2 Hz, 1 H), 3.81-3.70 (m, 1 H), 2.24 (m, 1 H), 1.06-1.02 (m, 9 H), 
0.82 (d, J = 6.8 Hz, 3 H); 
13C NMR (75 MHz, CDCl3) δ 163.7, 135.3, 134.6, 128.8, 128.7, 128.3, 120.7, 91.2, 68.1, 33.0, 25.0, 
23.2, 23.1, 17.5, 13.5; 
HRMS (FAB) calcd for C18H23NO4 m/z 318.1705 [M+H]+, found 318.1703. 
 
(E)-Methyl 2-((tert-butoxycarbonyl)amino)-3-phenylacrylate (E-60) 
 
Colorless oil; 
FTIR (neat) 3330, 2979, 1711, 1637, 1512, 1491, 1437, 1242, 1157, 1057, 1025 cm-1; 
1H NMR (300 MHz, CDCl3) δ 7.53 (brs, 1 H), 7.50-7.21 (m, 5 H), 6.71 (brs, 1 H), 3.63 (s, 3 H), 1.50 
(s, 9 H); 
13C NMR (75 MHz, CDCl3) δ 165.3, 152.9, 135.6, 128.7, 127.9, 127.7, 127.4, 126.3, 123.4, 81.0, 52.2, 
28.3; 
HRMS (FAB) calcd for C15H19NO4 m/z 277.1314 [M・]+, found 277.1315, and C15H20NO4 m/z 








Methyl 2-acetamido-5-phenylpent-2-enoate (64) 
 
As a mixture of E- and Z-isomer (67 : 33), colorless oil; 
The mixture was not separable on silica gel chromatography.  
Z-isomer : 1H NMR (300 MHz, CDCl3) δ 7.32-7.26 (m, 2 H), 7.22-7.18 (m, 3 H), 6.71 (t, J = 7.5 Hz, 1 
H), 6.63 (brs, 1 H), 3.76 (s, 3 H), 2.79 (t, J = 7.5 Hz, 2 H), 2.48 (td, J = 15.0, 7.5 Hz, 2 H), 2.06 (s, 3 
H);  
E-isomer : 1H NMR (300 MHz, CDCl3) δ 7.37 (brs, 1 H), 7.32-7.26 (m, 2 H), 7.22-7.16 (m, 4 H), 3.80 
(s, 3 H), 2.91-2.81 (m, 2 H), 2.80-2.74 (m, 2 H), 2.08 (s, 3 H). 
 
(E)-Methyl 2-benzamido-5-phenylpent-2-enoate (E-65) 
 
Colorless needle; 
mp 95-97 ℃ 
FTIR (neat) 3297, 3061, 3027, 2950, 2925, 2855, 1726, 1653, 1520, 1487, 1436, 1368, 1277, 1200, 
1112 cm-1; 
1H NMR (300 MHz, CDCl3) δ 8.17 (brs, 1 H), 7.81-7.78 (m, 2 H), 7.54-7.40 (m, 4 H), 7.31-7.15 (m, 5 
H), 3.83 (s, 3 H), 2.97-2.89 (m, 2 H), 2.83-2.78 (m, 2 H) 
13C NMR (75 MHz, CDCl3) δ 165.7, 165.0, 141.4, 134.7, 131.82, 131.75, 128.7, 128.4, 128.3, 126.8,  
126.0, 125.3, 52.5, 35.8, 30.5; 
HRMS (FAB) calcd for C19H20NO3 m/z 310.1443 [M+H]+, found 310.1446. 
 
The E/Z ratio of E-65/Z-65 was determined by 1H NMR using C6D6. 
1H NMR (300 MHz, C6D6) δ 8.05 (brs, 1 Η), 7.72-7.67 (m, 3 Η), 7.14-7.07 (m, 4 H), 7.02-6.91 (m, 4 
H), 3.17 (s, 3 H), 2.82 (q, J =7.7 Hz, 2 H), 2.60 (t, J = 7.7 Hz, 2 H). 
 
(Z)-Methyl 2-benzamido-5-phenylpent-2-enoate (Z-65) 
 
White solid; 











FTIR (neat) 3296, 3062, 3027, 2951, 2925, 2854, 1725, 1652, 1512, 1483, 1437, 1268, 1196, 1143, 
1063 cm-1; 
1H NMR (300 MHz, CDCl3) δ 7.80-7.77 (m, 2 H), 7.54 (m, 1 H), 7.48-7.42 (m, 2 H), 7.32-7.27 (m, 3 
H), 7.23-7.19 (m, 3 H), 6.80 (t, J = 7.4 Hz, 1 H), 3.78 (s, 3 H), 2.84 (t, J = 7.5 Hz, 2 H), 2.57 (q, J = 
7.5 Hz, 2 H); 
13C NMR (75 MHz, CDCl3) δ 165.5, 165.0, 141.0, 136.7, 133.7, 132.0, 128.6, 128.42, 128.41, 127.3,  
126.1, 125.4, 52.4, 34.2, 30.9; 
HRMS (FAB) calcd for C19H20NO3 m/z 310.1443 [M+H]+, found 310.1442. 
 
The E/Z ratio of E-65/Z-65 was determined by 1H NMR using C6D6. 
1H NMR (300 MHz, C6D6) δ 7.61-7.58 (m, 2 H), 7.10 (m, 1 H), 7.07-6.87 (m, 8 H), 6.71 (t, J = 7.1 Hz, 
1 H), 3.21 (s, 3 H), 2.57-2.52 (m, 2 H), 2.49-2.42 (m, 2 H). 
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ン化にて得られる E-モノ置換体 71 に対し、Z-選択的なβ-ヨウ素化反応によるβ-ヨウ素体 72
への変換、(2)72 からの根岸カップリングによるβ位置換基の導入の二段階を経てジ置換デヒ










































つか報告されている。5, 6)中でもβ-ブロモ化は最も報告数が多く、例えば Armstrong らはアジ
リジンを有するデヒドロアミノ酸エステル 74 に対し、NBS を作用させると E-選択的にβ-ブ
ロモ化が進行することを報告している(Scheme 3-3、式 1)。5e)一方で Coleman と Carpenter は
76 と NBS を反応させてイミン 77 とした後にアミンを加えることで、β-ブロモ化を進行させ
ている。この時、アミンに TMP を用いれば速度論生成物である E-78 が、DABCO を用いれ
ば熱力学的安定生成物である Z-78 が主生成物で得られることを述べている(式 2)。5d)また、
DABCO を用いた場合に、生成物のブロモ体は E-78 から Z-78 への異性化が進行することが観
測されている。そして N-ホルミルデヒドロアミノ酸エステル 79 に対するブロモ化は、アミ
ンに Et3N よりも DABCO を用いた場合や、β位置換基やエステル基が嵩高くなると、Z-選択
性が向上することが Nunami らによって見出された(式 3)。5c)なお、Coleman と Carpenter の報
告、そして Nunami らの報告のどちらも、原料であるモノ置換デヒドロアミノ酸エステルの





































	 反応条件の検討にあたり、基質として Boc 保護体 81 を用いた(Table 3-1)。ヨウ素源には NIS
を選択した。まず Et3N を用い、E/Z 両幾何異性体に対して反応をそれぞれ試みたところ、両
者共に Z 体のβ-ヨウ素体 82 を主生成物として与えた(entries 1 and 2)。しかし興味深いことに、
Z-81 に比べ、E-81 からの方が望みの Z-82 を収率よく得られることが分かった(Z : 49%, E : 
















71%, E : Z = >95 : <5
from E-74:
34%, E : Z = >95 : <5
(1)








































R1 = Ph, alkyl
R2 = Me, Bn, t-Bu
79 80
E : Z = 50 : 50~3 : 97
 52 
れた。そこで先のブロモ化の前例を参考に、塩基として DABCO を用い(entry 3)、さらに E-82
から Z-82 へ異性化を進行させるために反応時間を延長したところ(entry 4)、Z 体の収率の向上
が見られた。本反応をTLCで反応を追跡していくと、一段階目でイミンが生成していること、
さらに DABCO を加えた直後では 82 は E 体と Z 体それぞれが約 1 : 1 の割合で生成している
のが、反応時間の延長に伴い Z 体へ収束していることが観察され、DABCO による異性化反
応が確認できた。0 ℃中では異性化の進行が遅かったため、反応温度を室温に昇温させるこ
とで 77%収率にて Z-82 が得られ、さらに副生成物の生成を抑えることが出来た(entry 5)。同
様の条件にてブロモ化を行ったところ、異性化は進行しきらず、E-83 が少量得られる結果と























































































































	 NunamiらがScheme 3-3、式 3 の反応にて、互変異性化の際の四つの遷移状態A−DのAM1
計算を行ったところ、β位置換基R1がi-Pr基の場合、Z-ブロモ体を与えるA, Bがエネルギー的

















































の大きさが小さくなればその立体選択性は低くなる実験結果と一致している (R1 = i-Pr: E : Z 
= 3 : 97, R1 = Me: E : Z = 46 : 54)。5c) 
 
Figure 3-1. AM1 calculation of imine conformers reported by Nunami et al. 5c) 
 








































ΔΔH = 0.0 kcal/mol ΔΔH = 1.77 kcal/mol (R1 = i-Pr)
ΔΔH = 1.32 kcal/mol (R1 = Me)
ΔΔH = 0.14 kcal/mol (R1 = i-Pr)
ΔΔH = 0.16 kcal/mol (R1 = Me)
ΔΔH = 1.11 kcal/mol (R1 = i-Pr)
ΔΔH = 0.93 kcal/mol (R1 = Me)
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Scheme 3-5. a) EtCHO, DBU, MgBr2･OEt2, THF, 91% (E : Z = 88 : 12); b) NIS, CH2Cl2 then 


















































58 81 Z-82 E-84
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Scheme 3-6. a) EtCHO, DBU, MgBr2･OEt2, THF, 87% (E : Z = 88 : 12); b) NIS, CH2Cl2 then 
DABCO, 86% (Z only); c) Pd(PPh3)2Cl2, Me2Zn, THF, 92%; d) MeCHO, DBU, MgBr2･OEt2, THF, 





































































































































































ミノ酸エステルに対する根岸カップリングは今回が初の例であり、Pd または Ni 触媒を用い
ることで種々の置換基を導入することが出来た。これらの結果を基に、α-ジフェニルホスホ
ノグリシネートを用いてデヒドロイソロイシン誘導体 87 の E/Z 両幾何異性体の合成を達成し
た。しかしながら、エチル基の導入には収率の低下が伴った。現在この問題の解決の検討、































Experimental Section for Chapter 3 
 
Methyl 2-((tert-butoxycarbonyl)amino)pent-2-enoate (81) 
 
To a solution of 58 (1.42 g, 3.37 mmol) and MgBr2･OEt2 (791 mg, 3.06 mmol) in THF (31 
mL) was added DBU (458µL, 3.06 mmol) at 0 ℃ under argon. The mixture was stirred for 30 min at 
0 ℃, and then propionaldehyde (230 µL, 3.06 mmol) was added to the mixture. The mixture was 
stirred for 12 h at room temperature, quenched with sat. NH4Cl (30 mL), and extracted with EtOAc 
(30 mL x 3). The combined organic layers were washed with brine (90 mL), dried over MgSO4, and 
filtered. The filtrate was concentrated under reduced pressure. The residue was purified by flash 
column chromatography on silica gel (hexane/EtOAc = 30 : 1 to 9 : 1) to give 81 (638 mg, 91%, E : Z 
= 88 : 12) as a colorless oil. The spectroscopic data (1H NMR) of E- and Z-81 was completely 
identical to that reported10). 
 
(Z)-Methyl 2-((tert-butoxycarbonyl)amino)-3-iodopent-2-enoate (Z-82) 
 
  To a solution of 81 (638 mg, 2.78 mmol, E : Z = 88 : 12) in CH2Cl2 (14 mL) was added 
NIS (751 mg, 3.34 mmol) at 0 ℃ under argon. The mixture was stirred at room temperature. After 3 
h, complete consumption of Z-81 was observed by TLC analysis. DABCO (624 mg, 5.57 mmol) was 
added in one portion at 0 ℃, and the mixture was stirred for 11 h at room temperature. The reaction 
was quenched with 1N NaHSO4 (20 mL). The organic layer was separated and the aqueous layer was 
extracted with EtOAc (20 mL x 2). The combined organic layers were washed with sat. Na2SO3 (50 
mL) and brine (50 mL), dried over MgSO4, and filtered. The residue was purified by flash column 
chromatography on silica gel (hexane/EtOAc = 40 : 1 to 9 : 1) to give Z-82 (874 mg, 85%) as a white 
solid; 
mp 45-47 ℃; 
FTIR (neat) 3348, 2977, 2934, 1722, 1621, 1469, 1434, 1367, 1302, 1240, 1198, 1153 cm-1; 
1H NMR (300 MHz, CDCl3) δ 6.12 (brs, 1 H), 3.80 (s, 3 H), 2.70 (q, J = 7.3 Hz, 2 H), 1.44 (s, 9 H), 
1.11 (t, J = 7.3 Hz, 3 H); 









HRMS (FAB) calcd for C11H19INO4 m/z 356.0359 [M+H]+, found 356.0354. 
*Its NOESY spectrum was shown in appendix. 
 
(E)-Methyl 2-((tert-butoxycarbonyl)amino)-3-iodopent-2-enoate (E-82) 
 
FTIR (neat) 3334, 2978, 2933, 1703, 1484, 1458, 1435, 1367, 1295, 1247, 1200, 1157 cm-1; 
1H NMR (300 MHz, CDCl3) δ 6.05 (brs, 1 H), 3.82 (s, 3 H), 2.66 (q, J = 7.2 Hz, 2 H), 1.45 (s, 9 H), 
1.10 (t, J = 7.2 Hz, 3 H); 
13C NMR (125 MHz, CDCl3) δ 165.2, 152.4, 129.9, 102.9, 81.5, 52.3, 34.1, 28.1, 13.6. 
 
(E)-Methyl 2-((tert-butoxycarbonyl)amino)-3-methylpent-2-enoate (E-84) 
 
To a solution of Z-82 (840 mg, 2.36 mmol) and Pd(PPh3)4 (137 mg, 118 mmol) in THF (12 
mL) was added Me2Zn (5.0 mL, 4.73 mmol, 0.95 M solution in hexane) at 0 ℃ under argon. The 
mixture was stirred for 2 h at room temperature, quenched with sat. NH4Cl (15 mL), and extracted 
with EtOAc (15 mL x 3). The combined organic layers were washed with brine (45 mL), dried over 
MgSO4 and filtered. The filtrate was concentrated under reduced pressure. The residue was purified by 
flash column chromatography on silica gel (hexane/EtOAc = 40 : 1 to 9 : 1) to give E-84 (536 mg, 
93%) as a white powder; 
mp 105 ℃ 
FTIR (neat) 3346, 2980, 2960, 2941, 2872, 1719, 1687, 1497, 1463, 1435, 1390, 1365, 1308, 1283, 
1247, 1213, 1195, 1158, 1102, 1054 cm-1; 
1H NMR (600 MHz, CDCl3) δ 5.78 and 5.70 (brs x 2, 1 H), 3.72 (s, 3 H), 2.45 (brq, J = 7.4 Hz, 2 H), 
1.82 (s, 3 H), 1.43 (brs, 9 H), 1.07 (t, J = 7.4 Hz, 3 H); 
13C NMR (75 MHz, CDCl3) δ 165.3, 153.7, 148.5, 121.1, 80.0, 51.5, 28.1, 27.4, 19.2, 12.6; 
HRMS (FAB) calcd for C12H22NO4 m/z 244.1549 [M+H]+, found 244.1543. 












Methyl 2-(((benzyloxy)carbonyl)amino)pent-2-enoate (85) 
 
To a solution of 47 (502 mg, 1.10 mmol) and MgBr2･OEt2 (150 mg, 1.00 mmol) in THF 
(10 mL) was added DBU (150 µL, 1.00 mmol) at 0 ℃ under argon. The mixture was stirred for 30 
min at 0 ℃, and then propionaldehyde (76 µL, 1.00 mmol) was added to the mixture. The mixture 
was stirred for 12 h at room temperature, quenched with sat. NH4Cl (10 mL), and extracted with 
EtOAc (10 mL x 3). The combined organic layers were washed with brine (30 mL), dried over MgSO4, 
and filtered. The filtrate was concentrated under reduced pressure. The residue was purified by flash 
column chromatography on silica gel (hexane/EtOAc = 20 : 1 to 7 : 1) to give 85 (229 mg, 87%, E : Z 
= 88 : 12) as a colorless oil. The spectroscopic data (1H NMR) of E- and Z-85 was completely 
identical to that reported11). 
 
(Z)-methyl 2-(((benzyloxy)carbonyl)amino)-3-iodopent-2-enoate (86) 
 
 To a solution of 85 (229 mg, 870 µmol, E : Z = 88 : 12) in CH2Cl2 (8.7 mL) was added NIS 
(235 mg, 1.04 mmol) at 0 ℃ under argon. The mixture was stirred at room temperature. After 2 h, 
complete consumption of Z-85 was observed by TLC analysis. DABCO (195 mg, 1.74 mmol) was 
added in one portion at 0 ℃, and the mixture was stirred for 16 h at room temperature. The reaction 
was quenched with 1N NaHSO4 (10 mL). The organic layer was separated and the aqueous layer was 
extracted with EtOAc (10 mL x 2). The combined organic layers were washed with sat. Na2SO3 (150 
mL) and brine (30 mL), dried over MgSO4, and filtered. The residue was purified by flash column 
chromatography on silica gel (hexane/EtOAc = 15 : 1) to give 86 (292 mg, 86%) as a white solid; 
mp 75-77 ℃ 
FTIR (neat) 3318, 2973, 2952, 1726, 1622, 1481, 1304, 1267, 1220, 1039 cm-1; 
1H NMR (400 MHz, CDCl3) δ 7.37-7.32 (m, 5 H), 6.41 (brs, 1 H), 5.14 (s, 2 H), 3.82 (brs, 3 H), 2.76 
(brq, J = 7.3 Hz, 2 H), 1.13 (t, J = 7.3 Hz, 3 H); 
13C NMR (100 MHz, CDCl3) δ 161.6, 153.2, 135.4, 130.6, 128.5, 128.3, 128.2, 109.3, 67.7, 52.5, 33.8, 
14.8; 










(E)-methyl 2-(((benzyloxy)carbonyl)amino)-3-methylpent-2-enoate (E-87) 
 
 To a solution of 86 (20.0 mg, 51.4 µmol) and Pd(PPh3)2Cl2 (1.7 mg, 2.4 µmol) in THF (0.4 
mL) was added Me2Zn (100 µL, 103 µmol, 1.02 M solution in hexane) at 0 ℃ under argon. The 
mixture was stirred for 13 h at room temperature, quenched with sat. NH4Cl (5 mL), and extracted 
with EtOAc (5 mL x 3). The combined organic layers were washed with brine (15 mL), dried over 
MgSO4 and filtered. The filtrate was concentrated under reduced pressure. The residue was purified by 
flash column chromatography on silica gel (hexane/EtOAc = 12 : 1 to 3 : 1) to give E-87 (13.2 mg, 
92%, 7 : 2 mixture of rotamers) as a white solid. The spectroscopic data (13C NMR) of E-87 was 
completely identical to that reported2); 
1H NMR (600 MHz, CDCl3) δ 7.37−7.33 (m, 5 H), 5.95 (brs, 7/9H), 5.64 (brs, 2/9H), 5.14 (s, 2 H), 
3.74 (brs, 3 x 7/9H), 3.53 (brs, 3 x 2/9H), 2.52 (q, J = 7.2 Hz, 2 H), 1.86 (s, 3 H), 1.10 (brt, J = 7.2 Hz, 
3 H). 
*Its NOESY spectrum was shown in appendix. 
 
(Z)-methyl 2-(((benzyloxy)carbonyl)amino)-3-iodobut-2-enoate (88) 
 
 To a solution of 48i (10.0 mg, 40.1 µmol, E : Z = 78 : 22, see chapter 2) in CH2Cl2 (2.0 mL) 
was added NIS (10.8 mg, 48.0 µmol) at 0 ℃ under argon. The mixture was stirred at room 
temperature. After 2 h, complete consumption of Z-48i was observed by TLC analysis. DABCO (8.97 
mg, 80.0 µmol) was added in one portion at 0 ℃, and the mixture was stirred for 7 h at room 
temperature. The reaction was quenched with 1N NaHSO4 (5 mL) and extracted with EtOAc (5 mL x 
3). The combined organic layers were washed with sat. Na2SO3 (15 mL) and brine (15 mL), dried over 
MgSO4, and filtered. The residue was purified by flash column chromatography on silica gel 
(hexane/EtOAc = 15 : 1 to 3 : 1) to give 88 (9.5 mg, 63%) as a white solid; 
FTIR (neat) 3324, 2952, 1724, 1626, 1483, 1305, 1229, 1049 cm-1; 
1H NMR (400 MHz, CDCl3) δ 7.36 (m, 5 H), 6.35 (brs, 1 H), 5.14 (s, 2 H), 3.81 (brs, 3 H), 2.76 (s, 3 
H); 











HRMS (EI) calcd for C13H14INO4 m/z 374.9968 [M･]+, found 374.9977. 
 
(Z)-methyl 2-(((benzyloxy)carbonyl)amino)-3-methylpent-2-enoate (Z-87) 
 
 To a solution of 88 (17.7 mg, 47.2 µmol) and Pd(PPh3)2Cl2 (1.7 mg, 2.4 µmol) in THF (0.4 
mL) was added Et2Zn (94 µL, 94 µmol, 1.0 M solution in hexane) at 0 ℃ under argon. The mixture 
was stirred for 13 h at room temperature, quenched with sat. NH4Cl (5 mL), and extracted with EtOAc 
(5 mL x 3). The combined organic layers were washed with brine (15 mL), dried over MgSO4, and 
filtered. The filtrate was concentrated under reduced pressure. The residue was purified by flash 
column chromatography on silica gel (hexane/EtOAc = 12 : 1 to 3 : 1) to give Z-87 (6.0 mg, 46%, 3 : 1 
mixture of rotamers) as a colorless sticky oil. The spectroscopic data (13C NMR) of Z-87 was 
completely identical to that reported2); 
1H NMR (600 MHz, CDCl3) δ 7.37−7.33 (m, 5 H), 5.88 (brs, 3/4H), 5.65 (brs, 1/4H), 5.14 (s, 2 H), 
3.74 (brs, 3 x 3/4H), 3.51 (brs, 3 x 1/4 H), 2.24 (q, J = 7.6 Hz, 2 H), 2.12 (s, 3 H), 1.04 (brt, J = 7.6 Hz, 
3 H). 
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 ホモプシン類はカビの一種 Diaporthe toxica(以前は Phomopsis leptostromiformis と呼ばれて
いた)の代謝産物として単離・構造決定されたマイコトキシンである(Figure 4-1)。このカビは、
ルーピン(マメ科植物、キバナハウチワマメ)を主要な宿主としている。ホモプシン A (1)およ
びそのデクロロ体であるホモプシン B (92)は、1977 年にルーピンの種子から Culvenor らによ
って単離された。1)Culvenor らは当初、ホモプシン A の構造を大環状ヘキサペプチドである
と提唱していた 2)が、1986 年に X 線結晶構造解析、FABMS、NMR スペクトルデータおよび
天然物の化学変換(加水分解、還元の後加水分解)を基に 1 へと構造改訂され、絶対立体化学も
併せて決定された。3)ホモプシン D (93)は、1994 年に同じく種子から単離、マススペクトルや
UV 吸収特性を 1 と比較することで構造決定されている。4)カビに汚染された植物をヒツジや
ウシなどの家畜が摂食すると、肝障害を引き起こすことが知られており、ホモプシンはその
原因物質である(ホモプシン中毒と呼ばれる)。ラットに対しては肝発がん性を示す。ホモプシ
ン A の幼児ラットに対する LD50は 1.6 mg/kg b.w. (body weight)(腹腔内注射)、成体ラットでは
4.7−5.9 mg/kg b.w.(腹腔内または皮下注射)である。5)その作用機序はβ-チューブリンに高い結

















Wandless らの全合成 8) 
	 Wandless らは 2007 年に 92 の初の全合成を達成している。アルデヒド 94 とオキサゾール
95 を Evans のキラルなサレン−Al 錯体 96 を用いたアルドール反応 10)により cis 配置を持つオ
キサゾリン 97 へと変換した。N-メチル化、酸加水分解、水酸基と窒素の保護を経て
β-OH-N-Me-Tyr 部位を構築し、Ac 基の脱保護によりフェノール 98 とした後、フェノールと
銅触媒によるアジリジン 99 の位置選択的な開環 11)を用いてエーテル結合を形成し 100 とした。
Ns 基を Troc 基に掛け替えた後、アルキンの還元によってβ-OHIle を構築し、生じたカルボン











































	 101 と側鎖トリペプチド 10212) (第一章、Scheme 1-12 参照)との縮合および Troc 基を脱保護
することでアミン 103 へと誘導し、β,γ-ΔVal 104 との縮合、続く Alloc 基とアリル基を一挙に
脱保護し環化前駆体 105 を合成した。マクロラクタム化と加水分解を行い、β-OH-Asp 誘導体





















































































成法を Scheme 4-3 の様に計画した。まずトリペプチド側鎖の連続したデヒドロアミノ酸につ
いては、第二章で確立したα-ジフェニルホスホノグリシネートを用いた E-選択的オレフィン
化反応により E-ΔAsp 107 を、第三章の Z-選択的なβ-ヨウ素化と続く根岸カップリングにより
E-ΔIle 108 をそれぞれ合成する。また 13 員環部について、β,γ-ΔVal 部位は立体的に嵩高い OBO 
(trioxabicyclo [2.2.2] ortho)エステルを持つ 10913)の位置選択的な脱水にて合成することとした。
β-OH-Ile 部は Wandless らの全合成を参考に、既知のアジリジン 11014)の位置および立体選択
的な開環によって四級中心が構築できると考えた。最後にβ-OH-N-Me-Tyr の合成には、カテ
コール型または一方の水酸基を 1,3-ジオキサンに変えたベンズアルデヒド誘導体 111 からの
増炭と Sharpless 不斉ジヒドロキシル化またはアミノヒドロキシル化による官能基化を経て合






































    PyBOP
2) Pd(PPh3)4






































































していく計画を立てた。Cbz 保護基を有する 47 を脱保護し(55)、既知の N-Boc-L-ΔPro-OH 1149a, 
16)と縮合させることで HWE 試薬 115 とした。115 とプロピオンアルデヒドとのオレフィン化




































































R = OP or
O
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アミノ酸エステル 116 を与えた(E : Z = 74 : 26)。続いて二つの幾何異性体を分離すること無く
β-ヨウ素化反応を試みた。第三章で用いたジクロロメタン溶媒中、室温条件下では反応が非
常に遅く、長時間かけると最終的に中間体のイミンの分解を伴った。そこで試薬の当量を増
やし、クロロホルム中 50℃で反応させることによって反応速度を促進させ、117 を 74%収率、
単一の生成物として与えた。また本ヨウ化反応も第三章と同様、Z-116 に比べ、E-116 からの
反応の方が収率良く 117 が得られ、原料の幾何異性の違いによる差が観測された(E-116: 79%, 
Z-116: 51%) 。根岸カップリングでは反応時間を要したものの収率良く進行し、
L-ΔPro-ΔIle-OMe 118 を得た。本合成はここまで五段階、30%収率で達成され、過去の側鎖の
合成法(7−8 段階)9a, b)に比べ短段階化に成功した(Scheme 4-4)。 
 
Scheme 4-4. a) H2, Pd/C, HCl in MeOH, EtOAc; b) 115, EDCI, DMAP, CH2Cl2/DMF, 55% over 2 
steps; c) EtCHO, DBU, MgBr2･OEt2, THF, 91% (E : Z = 74 : 26); d) NIS, CHCl3, 50 ℃ then 
DABCO, rt, 74% (Z only); e) Pd(PPh3)4, Me2Zn, THF, 82%. 
 
	 118 は、C 末端の E-ΔAsp 部位の導入に向け、アリルエステルへのエステル交換(119, 120)
とアミドプロトンの保護によりジ Boc 体 121 へ誘導した。121 のアリルエステルの脱保護は
Joullié らの方法 9a)を用いていたが、後処理の過程で望みのカルボン酸 122 の収量が低下し、
またカラム精製も副生成物との分離が困難であった。そこで反応後 122 を分液操作にて抽出
し、未精製のままα-ジフェニルホスホノグリシネートの塩酸塩 55 と縮合させることで 56％
にてトリペプチド型の HWE 試薬 123 を得ることが出来た。最後に、酸素官能基を有するア
ルデヒドに有効な塩化亜鉛を添加剤としてオレフィン化反応を行うことで、E/Z 比約 4.5 : 1、














































Scheme 4-5. a) LiOH, THF/H2O, 50 ℃; b) allyl bromide, Cs2CO3, DMF, 86% over 2 steps; c) Boc2O, 
DMAP, CH2Cl2, quant.; d) Pd(PPh3)4, morpholine, THF; e) 55, EDCI, DMAP, CH2Cl2/DMF, 56% 
over 2 steps; f) EtOC(O)CHO, DBU, ZnCl2, THF, 79% (E : Z = ca. 4.5 : 1). 
 
4-4	 13 員環マクロラクタム部の合成の検討 
 




	 まずジヒドロキシル化を経由した合成を試みた。E-不飽和オレフィン 131, 132 の合成を行
った(Scheme 4-6)。ベンジル基で保護した 5-ブロモサリチルアルデヒド 12517)を共通の原料と
して、文献の方法に従ってブロモ体 12617), 12718)をそれぞれ合成した。126 については TSB 基
で保護し 128 とした後、DMF, n-BuLi を用いてホルミル化することでアルデヒド 129 を得た。
127 についても同様にホルミル化を行うことでアルデヒド 130 とした。それぞれを Wittig 反




































































Scheme 4-6. a) TBSOTf, i-Pr2NEt, CH2Cl2, 67%; b) DMF, n-BuLi, THF, −78 ℃, 89% for 129, 98% 
for 130; c) Ph3P=CHCO2Me, toluene, 80 ℃, 93% for 131, 99% for 132. 
 
	 初めに 131 に対し Sharpless 不斉ジヒドロキシル化を行ったところ、AD-mix αを用いた場合
は低収率であったが、NMO を再酸化剤として用いる条件 19)を適用することで cis ジオール 133
が得られた。133 は未精製のままトシル化を行うことで、α-トシル体 135 へ変換した。トシ
ル体 135 への NaN3による SN2 反応は、望みのアジド体 137 を与えず、基質の分解や TBS 基
の脱保護が生じた。この際、副生成物として少量のアルデヒド 139 が得られてきた。メタ位
にジオキサンを有する 132 も同様にトシル体 136 へ誘導し、アジド基の導入を試みたが、こ
ちらの場合もアルデヒド 130 が得られるのみであった。これらの結果から、基質からのレト
ロアルドール反応が非常に起こりやすいことが推定された。そこでβ位水酸基の保護を試みた


















129 (R = OTBS)








131 (R = OTBS)









Scheme 4-7. a) K2OsO2(OH)4, (DHQ)2PHAL, NMO, acetone/MeCN/H2O, not isolated for 133, 75% 
for 134; b) TsCl, Et3N, CH2Cl2, 71% for 135 over 2 steps, 75% for 136. 
 
	 そこで次に 131, 132 からの Sharpless 不斉アミノヒドロキシル化を試みた(Scheme 4-8)。ア
ミノヒドロキシル化の場合、位置選択性の予測は困難とされているが、ホモプシンの類縁体
である ustiloxin D の全合成 11)においてβ-OH-Tyr 部位の構築に本反応は用いられており、位置
選択的な合成は可能であると考えた。その条件を参考に、リガンドに(DHQD)2AQN を用いて
ベンジルカルバメートと反応を行ったところ、131 の場合は望みのβ-ヒドロキシ-α-アミノ酸
誘導体 141 が選択的に得られてきた。ジオキサンを有する 132 でも、アミノヒドロキシル化
は中程度の収率ながら進行した。しかしながら予想外なことに、望みの 143 ではなくα-ヒド
ロキシ-β-アミノ酸誘導体 142 が、4.3 : 1 の主生成物として得られる結果を与えた。両化合物
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136 (R = 1,3-dioxane)
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Figure 4-2. Synthetic scheme and NMR data of acetates 141’ and 142’ 
 
	 続いて、得られた 141 からの N-メチル化を試みた(Scheme 4-9)。141 はカラム精製による単




的アミノ化によってメチル基を導入することとした。水素添加反応により Cbz 基と Bn 基の
脱保護を行いフェノール 147 とし、Konopelski らが報告した N-メチルアミノ酸合成法 20)を試
みた。すなわち、先にベンズアルデヒド、次いでアセトアルデヒドとの還元的アミノ化をワ
ンポットで行うことで 148 とし、加圧条件下で加水素分解による還元を行うことで N-メチル
アミノ酸エステル 149 が合成出来た。149 は Teoc 基で保護し、150 として単離した。しかし
ながら、1H NMR を解析すると、Bn 基を除去した 147−150 は TBS 基の転移が同時に起こり、
m-OTBS 体と p-OTBS 体が約 1 : 1 の比で得られていることが明らかとなった。ここまでで、
本ルートはβ-OH-Tyr の構築および N-メチル化について達成できた。しかしながら、TBS 基の
位置異性体との混合物であるため、先のクロロ基の位置選択的な導入は困難であると判断し、














7.62 (d, J = 2.1 Hz)
7.22
(brd, J = 7.8 Hz)























6.16 (d, J = 3.8 Hz)
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Scheme 4-9. a) TBSOTf, Et3N, CH2Cl2, 64% over 2 steps from 131; b) H2, Pd/C, MeOH; c) PhCHO, 
NaBH3CN, MeOH then (CH2O)n, NaBH3CN, 72% over 2 steps; d) H2 (0.4 MPa), Pd(OH)2/C, MeOH; 
e) TeocOSu, NaHCO3, THF/H2O, 94% over 2 steps. 
 
route B 
	 ルート B では、先述のブロモ体 127, 128 のハロゲン−リチオ交換の後、(R)-ガーナーアルデ
ヒド 113 へ求核付加させる。立体選択性は Felkin−Anh モデルにより anti 体が優先する。一方
で、ガーナーアルデヒドに対するアリール基の求核付加は、その立体選択性は低いことが知
られている。まずは付加反応が進行するかどうか確かめることとした。128 に n-BuLi を加え
リチオ体とし、−78℃下でアルデヒド 113 を加えたところ、付加体 151 が 30％にて得られた
















































P1 = H, P2 = TBS
and




















応は、ブロモ体 128 の二量化および生成物 151 からの分解が生じたために低収率という結果
であったと考えている。 
 
Table 4-1. Addition reaction of aryl lithium to Garner aldehyde 113 
 
 
	 一方で 127 を用いた場合は、反応は−78℃下短時間で進行し、付加体 152 を定量的に与えた
(Scheme 4−10)。この時ジアステレオ選択性は 1H NMR より~82 : 18 となり、anti-152 が主生成
物であると決定された(後述)。予想通り立体選択性は中程度であったので、syn 体から anti 体
への変換を試みた。先ほど得られた 152 を Swern 酸化によりケトン 153 とし、anti-選択的な
還元を検討した。中川らはガーナーアルデヒドに対するフェニル基の付加−酸化で得たケトン
154 を K-Selectride で還元すると syn-選択的に、反対に DIBAL を用いると anti-選択的に還元
体 155が得られることを報告している。22)本反応を参考に 153のDIBAL還元を行うと、anti-152
が dr = ~95 : 5 とほぼ単一の生成物として得られた。anti-152 は再結晶後、X 線結晶構造解析















−78 to −30 oC



























Scheme 4-10. a) n-BuLi, THF, −78 ℃ then 113, quant. (dr = ~82 : 18); b) (COCl)2, DMSO, Et3N, 















































K-Selectride, THF, −70 oC
DIBAL, THF, 0 oC
   syn : anti
4.8 : 1
 23 : 1











Figure 4-3. ORTEP view of compound 152 
 
	 また 153 を K-Selectride で還元すると syn-152 およびジオキサンが脱保護された 156 が 10 : 1
の混合物として得られた(Scheme 4-11)。152 の syn 体と anti 体の 1H NMR を比較すると、4.70 






	 anti-152 の水酸基を TBS基にて保護し 157 とした。天然物と同等の立体配置を持つβ-OH-Tyr
が合成出来たので、続いてβ-OH-Ile 部との連結に取り組んだ(Scheme 4-12)。TBS 体 157 のジ
オキサン部位の酸加水分解を行いアルデヒド 158 とし、Dakin 酸化(m-CPBA 続く DIBAL 還
元)17)にてフェノール 159とした。アジリジン 110への付加はWandlessらが用いたCuOAc, DBU































置異性体は観測されず、単一の生成物として付加体 160 が得られた。 
 
Scheme 4-12. a) TBSOTf, Et3N, CH2Cl2, 97%; b) 2N HCl, THF, 60%; c) m-CPBA, CH2Cl2; d) 
DIBAL, THF, 84% over 2 steps; e) 110, TBD, toluene, 91%. 
 
	 アジリジン 110 の位置選択的な開環の理由として、Joullié らは以下の様に考察している。





	 160 のアセトニドの脱保護は、一級 TBS エーテルが分子内に存在することから Lewis 酸を
用いた条件を検討した(Table 4-2)。CeCl3･7H2O とシュウ酸による脱保護は、文献 23)の当量で
行うと、望みのアルコール 161 は少量でしか得られず、同時に TBS 基が脱保護されたジオー
ル 162 が生じた(entry 1)。これは反応を長時間かけて行ったことで、生成した 161 は反応系中
の酸によりさらに TBS 基の脱保護を受け、162 へと変換されたためであると考えた。そこで
反応を短時間で終了させる目的でシュウ酸の当量を 10 mol%に増やしたところ、161 の収率は
50％まで増加した(entry 2)。塩化鉄(Ⅲ)や塩化ビスマス 24)を用いた場合は反応が進行しないか、







































Table 4-2. Removal of TBS group 
 
 
	 161 を TEMPO 酸化にてアルデヒド 163 とし、続いて Pinnick 酸化とメチルエステル化を行
うことで 164 を合成した。ここで先のアセチレンの還元に備え、Wandless らの全合成を参考




Scheme 4-13. a) TEMPO, KBr, NaClO, 5% NaHCO3 aq., CH2Cl2, 0 ℃, 75%; b) 2-methyl-2-butene, 
NaH2PO4, NaClO2, t-BuOH/H2O; c) CH2N2, Et2O, 0 ℃, 94% over 2 steps; d) PhSH, Cs2CO3, DMF; 
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conditions
CeCl37H2O, (COOH)2 (5 mol%), MeCN, rt
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連続デヒドロアミノ酸部位を含むトリペプチド側鎖 124 の合成を達成した。また 13 員環部に
ついては、ガーナーアルデヒドに対するブロモアリールの付加とアジリジンの位置選択的な
開環により、β-OH-Tyr とβ-OH-Ile 骨格を持つ 165 を合成出来た。今後 165 の更なる変換と、





































































 According to the experimental procedures of 56 and 57 (in chapter 2), to a solution of 47 
(1.00 g, 2.20 mmol) in EtOAc (20 mL) was added methanolic HCl (prepared from 7.3 mL of methanol 
and 1.2 mL of AcCl) and 10% Pd/C (100 mg, 10 wt%) at 0 ℃. The mixture was stirred under 
hydrogen for 3.5 h at room temperature. After filtration, the filtrate was concentrated under reduced 
pressure to give amine hydrochloride salt 55 which was subjected to the next acylation without further 
purification. 1149a, 16) (421 mg, 1.98 mmol), DMAP (134 mg, 1.10 mmol), and EDCI (463 mg, 2.42 
mmol) were subsequently added to a solution of the residue 55 in CH2Cl2/DMF (2 : 1, 21 mL) at 0 ℃ 
under argon. The mixture was stirred for 13 h at room temperature, quenched with sat. NH4Cl (25 mL), 
and extracted with EtOAc (25 mL x 3). The combined organic layers were washed with brine (75 mL), 
dried over MgSO4, and filtered. The filtrate was concentrated under reduced pressure. The residue was 
purified by column chromatography on silica gel (hexane/EtOAc = 5 : 1 to 1 : 1) to give 115 (618 mg, 
55% over 2 steps, dr = 1 : 1) as a colorless amorphous solid; 
FTIR (neat) 3278, 3064, 2978, 2931, 2869, 1750, 1696, 1590, 1524, 1149, 1456, 1436, 1401, 1366, 
1311, 1281, 1205, 1181, 1162, 1119, 1025, 1009 cm-1; 
HRMS (FAB) calcd for C25H30N2O8P m/z 517.1740 [M+H]+, found 517.1746. 
1H and 13C NMR spectra of 115 showed broad and complex signals because of a mixture of rotamers 














 To a solution of 115 (618 mg, 1.20 mmol) and MgBr2･OEt2 (340 mg, 1.32 mmol) in THF 
(13 mL) was added DBU (197 µL, 1.32 mmol) at 0 ℃ under argon. The mixture was stirred for 30 
min at 0 ℃. Propionaldehyde (99 µL, 1.32 mmol) was added to the mixture. The mixture was stirred 
for 13 h at room temperature, quenched with sat. NH4Cl (20 mL), and extracted with EtOAc (20 mL x 
3). The combined organic layers were washed with brine (45 mL), dried over MgSO4, and filtered. 
The filtrate was concentrated under reduced pressure. The residue was purified by flash column 
chromatography on silica gel (hexane/EtOAc = 7 : 1 to 1 : 1) to give 116 (354 mg, 91%, E : Z = 74 : 
26*). Analytical samples of E- and Z-116 were separated using flash column chromatography on silica 
gel (hexane/EtOAc); 
E-116: 
Colorless sticky oil, as 4 : 3 mixture of rotamers; 
[α]D20 = −111.7 (c 2.36, CHCl3); 
FTIR (neat) 3351, 2976, 2034, 2873, 1681, 1521, 1436, 1392, 1366, 1317, 1245, 1220, 1164, 1125 
cm-1; 
13C NMR (75 MHz, CDCl3) δ 168.7, 164.2, 154.7, 153.8, 134.7, 127.6, 126.1, 123.7, 80.7, 69.4, 68.4, 
53.7, 52.0, 28.0, 21.5, 13.8; 
HRMS (FAB) calcd for C16H25N2O5 m/z 325.1763 [M+H]+, found 325.1752. 
Z-116: 
White solid, as 2 : 1 mixture of rotamers; 
mp 44-45 ℃ 
[α]D21 = −205.2 (c 1.03, CHCl3); 
FTIR (neat) 3279, 2974, 2935, 2874, 1682, 1504, 1437, 1394, 1366, 1312, 1275, 1249, 1173, 1126, 
1085 cm-1; 
13C NMR (75 MHz, CDCl3) δ 168.7, 164.6, 154.9, 154.1, 140.4, 139.8, 127.7, 126.3, 126.0, 124.2, 
123.4, 80.9, 69.0, 67.7, 53.9, 52.1, 28.0, 22.2, 21.9, 12.5; 
HRMS (FAB) calcd for C16H25N2O5 m/z 325.1763 [M+H]+, found 325.1758. 
1H NMR spectra of E-116 and Z-116 showed broad signals because of a mixture of rotamers. 1H NMR 
spectra are shown in appendix. 




















 To a solution of 116 (638 mg, 2.78 mmol, E : Z = 74 : 26) in CHCl3 (11 mL) was added 
NIS (490 mg, 2.18 mmol) at 0 ℃ under argon. The mixture was stirred at 50 ℃. After 3 h, complete 
consumption of Z-116 was observed by TLC analysis. DABCO (611 mg, 5.45 mmol) was added to a 
solution of resulting imine in one portion at room temperature, and the mixture was stirred for 11 h. 
The reaction was quenched with 1N NaHSO4 (15 mL). The organic layer was separated and the 
aqueous layer was extracted with EtOAc (15 mL x 2). The combined organic layers were washed with 
sat. Na2SO3 (45 mL) and brine (45 mL), dried over MgSO4, and filtered. The residue was purified by 
flash column chromatography on silica gel (hexane/EtOAc = 5 : 1 to 3 : 1) to give 117 (364 mg, 74%, 
2 : 1 mixture of rotamers) as a colorless amorphous solid; 
[α]D17 = −117.3 (c 1.47, CHCl3); 
FTIR (neat) 3278, 2976, 2933, 2871, 1730, 1697, 1621, 1480, 1433, 1395, 1366, 1293, 1258, 1220, 
1166, 1124, 1082 cm-1; 
13C NMR (75 MHz, CDCl3) δ 168.5, 161.4, 155.4, 154.0, 130.8, 130.0, 128.1, 127.6, 125.9, 109.7, 
81.4, 68.8, 67.2, 54.0, 52.5, 33.5, 28.2, 14.8; 
HRMS (FAB) calcd for C16H24IN2O5 m/z 451.0730 [M+H]+, found 451.0729. 
1H NMR spectrum of 117 showed broad signals because of a mixture of rotamers. 1H NMR spectrum 






 To a solution of 117 (110 mg, 244 µmol) and Pd(PPh3)4 (14.1 mg, 12.2 µmol) in THF (2.4 














mixture was stirred for 21 h at room temperature, quenched with sat. NH4Cl (10 mL), and extracted 
with EtOAc (10 mL x 3). The combined organic layers were wash with brine (30 mL), dried over 
MgSO4 and filtered. The filtrate was concentrated under reduced pressure. The residue was purified by 
flash column chromatography on silica gel (hexane/EtOAc = 5 : 1 to 1 : 1) to give 118 (67.8 mg, 82%, 
5 : 4 mixture of rotamers) as a colorless sticky oil; 
[α]D18 = −188.0 (c 1.0, CHCl3); 
FTIR (neat) 3277, 2978, 2874, 1675, 1508, 1433, 1396, 1367, 1306, 1268, 1218, 1173, 1125, 1106 
cm-1; 
13C NMR (75 MHz, CDCl3) δ 168.8, 164.6, 155.2, 154.4, 151.3, 147.7, 127.3, 126.7, 126.1, 120.7, 
119.9, 81.1, 69.1, 67.3, 54.1, 51.6, 28.2, 27.5, 19.7, 19.1, 12.6; 
HRMS (FAB) calcd for C17H27N2O5 m/z 339.1920 [M+H]+, found 339.1917. 
1H NMR spectrum of 118 showed broad signals because of a mixture of rotamers. 1H NMR spectrum 






 To a solution of 118 (169 mg, 501 µmol) in THF/H2O (1 : 1, 5.0 mL) was added LiOH･
H2O (107 mg, 2.50 µmol). The mixture was stirred for 14 h at 50 ℃, quenched with 1N HCl (10 mL), 
and extracted with EtOAc (10 mL x 3). The combined organic layers were dried over MgSO4, and 
filtered. The filtrate was concentrated under reduced pressure. The resulting carboxylic acid 119 was 
subjected to the next esterification without further purification. To a solution of 119 in DMF (5.0 mL) 
were added Cs2CO3 (163 mg, 501 µmol) and allyl bromide (51 µL, 601 µmol) at 0 ℃. The mixture 
was stirred for 3.5 h at room temperature, quenched with H2O (10 mL), and extracted with 
hexane/EtOAc (1 : 1, 10 mL x 3). The combined organic layers were washed with brine (30 mL), 
dried over MgSO4, and filtered. The filtrate was concentrated under reduced pressure. The residue was 
purified by flash column chromatography on silica gel (hexane/EtOAc = 7 : 1 to 3 : 1) to give 120 
(156 mg, 86% over 2 steps, 5 : 4 mixture of rotamers) as a white solid; 
mp 111-113 ℃ 








FTIR (neat) 3289, 2978, 2935, 2874, 1700, 1508, 1456, 1398, 1366, 1303, 1261, 1201, 1173, 1125, 
1107 cm-1; 
13C NMR (75 MHz, CDCl3) δ 168.8, 163.8, 155.1, 154.4, 151.5, 148.1, 132.0, 127.3, 126.6, 126.1, 
120.8, 119.9, 118.3, 117.9, 81.1, 69.0, 67.3, 65.3, 54.0, 28.2, 27.5, 19.8, 19.1, 12.6; 
HRMS (FAB) calcd for C19H29N2O5 m/z 365.2076 [M+H]+, found 365.2069. 
1H NMR spectrum of 120 showed broad and complex signals because of a mixture of rotamers. 1H 







 To a solution of 120 (156 mg, 429 µmol) in CH2Cl2 (2.1 mL) were added Boc2O (200 µL, 
858 µmol) and DMAP (52.4 mg, 429 µmol) at 0 ℃. The mixture was stirred for 3 h at room 
temperature and concentrated under reduced pressure. The residue was purified by flash column 
chromatography on silica gel (hexane/EtOAc = 20 : 1 to 10 : 1) to give 121 (201 mg, quant.) as a 
colorless sticky oil; 
[α]D21 = −1.7 (c 1.09, CHCl3); 
FTIR (neat) 3419, 3087, 2978, 2935, 2871, 1722, 1701, 1648, 1458, 1402, 1368, 1294, 1257, 1225, 
1203, 1154, 1129, 1107, 1058 cm-1; 
HRMS (FAB) calcd for C24H37N2O7 m/z 465.2601 [M+H]+, found 465.2586. 
1H and 13C NMR spectra of 121 showed broad and complex signals because of a mixture of rotamers. 













 To a solution of 121 (162 mg, 349 µmol) in THF (3.5 mL) were added Pd(PPh3)4 (40.3 mg, 
34.9 µmol) and morpholine (300 µL, 3.49 mmol) at 0 ℃. The mixture was stirred for 2 h at room 
temperature, quenched with 1N HCl (10 mL), and extracted with EtOAc (10 mL x 3). The combined 
organic layers were dried over MgSO4 and filtered. The filtrate was concentrated under reduced 
pressure to give carboxylic acid 122 which was subjected to the next reaction without further 
purification. The residue 122 in CH2Cl2 (2.4 mL), EDCI (110 mg, 575 µmol), and DMAP (32.0 mg, 
262 µmol) were subsequently added to a solution of α-(diphenylphosphono)glycinate hydrochloride 
salt 55 in DMF (1.2 mL) (prepared form 47 (238.2 mg, 523 µmol), 10% Pd/C (23.8 mg, 10 wt%), 
AcCl (280 µL, 3.92 mmol), and MeOH (1.2 mL) in EtOAc (3.5 mL), see experimental section for 
chapter 2) at 0 ℃ under argon. The mixture was stirred for 15 h at room temperature, quenched with 
sat. NH4Cl (5 mL), and extracted with EtOAc (5 mL x 3). The combined organic layers were washed 
with brine (15 mL), dried over MgSO4, and filtered. The filtrate was concentrated under reduced 
pressure. The residue was purified by flash column chromatography on silica gel (hexane/EtOAc = 6 : 
1 to 1 : 1) to give 123 (143 mg, 56% over 2 steps, dr = 1 : 1) as a colorless sticky oil. The analytical 
sample was isolated using PLC (silica gel 60 F-254, 0.5 mm thickness, manufactured by Merck); 
FTIR (neat) 3320, 3009, 2979, 2934, 2871, 1739, 1681, 1591, 1489, 1405, 1369, 1288, 1256, 1209, 
1181, 1153, 1059, 1026, 1009 cm-1; 
HRMS (FAB) calcd for C36H47N3O11P m/z 728.2948 [M+H]+, found 728.2944. 
1H and 13C NMR spectra of 123 showed broad and complex signals because of a mixture of rotamers 






























  To a solution of 123 (140 mg, 192 µmol) and ZnCl2 (384 µL, 384 µmol, 1.0 M solution in 
Et2O) in THF (1.9 mL) was added DBU (28.7 µL, 192 µmol) at 0 ℃ under argon. The mixture was 
stirred for 30 min at 0 ℃. Ethyl glyoxalate (41 µL, 192 µmol) was added to the mixture. The mixture 
was stirred for 15 h at room temperature, quenched with sat. NH4Cl (5 mL), and extracted with EtOAc 
(5 mL x 3). The combined organic layers were washed with brine (15 mL), dried over MgSO4, and 
filtered. The filtrate was concentrated under reduced pressure. The residue was purified by flash 
column chromatography on silica gel (hexane/EtOAc = 9 : 1 to 5 : 1) to give 124 (88.5 mg, 79%, E : Z 
= ca. 4.5 : 1) as a colorless amorphous solid; 
FTIR (neat) 3294, 3018, 2980, 2936, 2873, 1739, 1716, 1671, 1623, 1520, 1420, 1370, 1288, 1258, 
1218, 1143, 1098, 1063, 1038 cm-1; 
HRMS (CI) calcd for C28H42N3O10 m/z 580.2870 [M+H]+, found 580.2878. 
1H and 13C NMR spectra of 124 showed broad and complex signals because of a mixture of rotamers 
and E/Z isomers. 1H and 13C NMR spectra are shown in appendix. 
 
127 + 113→152 
 
 To a solution of 127 (2.30 g, 6.59 mmol) in THF (33 mL) was slowly added n-BuLi (2.7 
mL, 7.24 mmol, 2.65 M solution in hexane) at −78 ℃. After 30 min at −78 ℃ with stirring, a 
solution of 113 (755 mg, 3.29 mmol) in THF (11 mL) was added dropwise. The mixture was stirred 
for 1 h, quenched with sat. NH4Cl (50 mL), and extracted with EtOAc (50 mL x 3). The combined 
organic layers were washed with brine (150 mL), dried over MgSO4, and filtered. The filtrate was 
concentrated under reduced pressure. The residue was purified by flash column chromatography on 
silica gel (hexane/EtOAc = 10 : 1 to 1 : 1) to give protonated 127 and 152 (1.14 g, quant., dr = ~82 : 
18*) as a colorless amorphous solid. 






















 To a solution of (COCl)2 (400 µL, 4.63 mmol) in CH2Cl2 (15 mL) was added dropwise 
DMSO (660 µL, 9.26 mmol) in CH2Cl2 (2 mL) at −78 ℃ under argon. The mixture was stirred at 
−78 ℃ for 15 min. 152 (1.54 g, 3.09 mmol) in CH2Cl2 (12 mL) was added dropwise to the solution 
and then rinsed with CH2Cl2 (2 mL). The resulting cloudy white mixture was stirred for 1 h at −78 ℃. 
Et3N (2.15 mL, 15.4 mmol) was added to the white mixture and the mixture was stirred for 15 min at 
−78 ℃ and for 1 h at 0 ℃. The mixture was quenched with sat. NaHCO3 (40 mL) and extracted with 
CH2Cl2 (40 mL x 3). The combined organic layers were washed with brine (120 mL), dried over 
MgSO4, and filtered. The filtrate was concentrated under reduced pressure. The residue was purified 
by flash column chromatography on silica gel (hexane/EtOAc = 15 : 1 to 1 : 1) to give 153 (1.30 g, 
85%, 3 : 2 mixture of rotamers) as a white solid; 
mp 154-157 ℃; 
[α]D25 = +13.1 (c 1.55, CHCl3); 
FTIR (neat) 3376, 2977, 2935, 2865, 1698, 1605, 1501, 1389, 1365, 1254, 1173, 1093, 1006 cm-1; 
1H NMR (300 MHz, CDCl3) δ 8.20 (m, 1 H), 7.95 (m, 1 H), 7.42-7.31 (m, 6 H), 7.00 (d, J = 8.7 Hz, 
2/3H), 6.96 (d, J = 8.7 Hz, 1/3H), 5.89 (s, 2/3H), 5.87 (s, 1/3H), 5.49 (dd, J = 7.7, 3.8 Hz, 1/3H), 5.38 
(dd, J = 7.7, 3.8 Hz, 2/3H), 5.19 (s, 2 x 2/3H), 5.17 (s, 2 x 1/3H), 4.34-4.21 (m, 3 H), 4.04-3.88 (m, 3 
H), 2.25 (m, 1 H), 1.75 (s, 3 x 2/3H), 1.72 (s, 3 x 1/3H), 1.60-1.49 (m, 7 H), 1.28 (s, 6 H); 
13C NMR (75 MHz, CDCl3) δ 194.2, 193.5, 159.6, 159.5, 152.0, 151.3, 136.1, 130.8, 128.54, 128.51, 
128.2, 128.02, 127.95, 127.85, 127.7, 127.5, 127.4, 126.9, 112.04, 111.99, 96.3, 95.0, 94.4, 80.4, 80.0, 
70.22, 70.16, 67.5, 67.41, 67.37, 66.2, 65.8, 61.5, 61.2, 28.3, 28.2, 25.73, 25.65, 25.3, 24.7, 24.6;   
HRMS (FAB) calcd for C28H36NO7 m/z 498.2492 [M+H]+, found 498.2479, and C28H34NO7 m/z 












 To a solution of 153 (1.30 g, 2.61 mmol) in THF (13 mL) was slowly added DIBAL (7.7 
mL, 7.84 mmol, 1.02 M solution in hexane) at 0 ℃ under argon. The mixture was stirred for 1 h and 
quenched with sat. potassium sodium tartrate (25 mL) with vigorous stirring. The mixture was stirred 
for additional 1 h at room temperature and extracted with EtOAc (15 mL x 3). The combined organic 
layers were washed with brine (45 mL), dried over MgSO4, and filtered. The filtrate was concentrated 
under reduced pressure. The residue was purified by flash column chromatography on silica gel 
(hexane/EtOAc = 5 : 1 to 1 : 1) to give anti-152 (1.17g, 89%, dr = ~95 : 5*) as a colorless amorphous 
solid. The analytical sample for X-ray crystallography was recrystallized from EtOAc to give pure 
anti-152 as a colorless crystal; 
mp 140-141 ℃; 
[α]D25 = −4.8 (c 1.06, CHCl3); 
FTIR (neat) 3469, 2978, 2934, 2862, 1690, 1391, 1367, 1254, 1220, 1149, 1095 cm-1; 
1H NMR (400 MHz, CDCl3) δ 7.66 (d, J = 2.0 Hz, 1 H), 7.44-7.29 (m, 6 H), 6.89 (d, J = 8.8 Hz, 1 H), 
5.90 (s, 1 H), 5.09 (s, 3 H), 4.24-4.21 (m, 3 H), 4.00-3.94 (m, 3 H), 3.81 (m, 2 H), 2.18 (m, 1 H), 
1.54-1.36 (m, 16 H); 
HRMS (FAB) calcd for C28H38NO7 m/z 500.2648 [M+H]+, found 500.2658, and C28H36NO7 m/z 
498.2492  [M−H]+, found 498.2493. 
13C NMR spectrum of anti-152 showed broad signals because of a mixture of rotamers. 1H and 13C 
NMR spectra are shown in appendix; 















 To a solution of 153 (25.2 mg, 50.7 µmol) in THF (1 mL) was added K-Selectride (203 µL, 
203 µmol, 1.0 M solution in THF) at 0 ℃. The mixture was stirred for 1.5 h, quenched with sat. 
NH4Cl (5 mL), and extracted with EtOAc (5 mL x 3). The combined organic layers were washed with 
brine (15 mL), dried over MgSO4, and filtered. The filtrate was concentrated under reduced pressure. 
The residue was purified by flash column chromatography on silica gel (hexane/EtOAc = 6 : 1 to 1 : 1) 
to give a mixture of syn-153 and 156 (20.1 mg) as a 10 : 1 mixture; 






 To a solution of anti-152 (1.17 g, 2.34 mmol) in CH2Cl2 (12 mL) were added Et3N (1.63 
mL, 11.7 mmol), TBSOTf (1.6 mL, 7.01 mmol) at 0 ℃. The mixture was stirred for 1 h at room 
temperature and quenched with sat. NH4Cl (15 mL). The organic layer was separated and the aqueous 
layer was extracted with EtOAc (15 mL x 2). The combined organic layers were washed with brine 
(45 mL), dried over MgSO4, and filtered. The filtrate was concentrated under reduced pressure. The 
residue was purified by flash column chromatography on silica gel (hexane/EtOAc = 30 : 1 to 5 : 1) to 
give 157 (1.40 g, 97%, 3 : 2 mixture of rotamers) as a colorless sticky oil; 
[α]D25 = +10.5 (c 1.37, CHCl3); 
























1H NMR (300 MHz, CDCl3) δ 7.66 (s, 3/5 H), 7.62 (s, 2/5 H), 7.46-7.28 (m, 6 H), 6.88 (d, J = 8.4 Hz, 
1 H), 5.88 (s, 1 H), 5.45 (s, 3/5 H), 5.11 (s, 2/5 H), 5.09 (s, 2 x 2/5 H), 5.07 (s, 2 x 3/5 H), 4.25-4.08 
(m, 3 H), 4.00-3.89 (m, 3 H), 3.66 (t, J = 8.1 Hz, 2/5 H), 3.59 (t, J = 8.1 Hz, 3/5 H), 2.20 (m, 1 H), 
1.68 (s, 3 x 2/5 H), 1.59 (s, 3 x 3/5H), 1.51-1.46 (m, 13 H), 0.93 (s, 9 H), 0.05 (s, 3 H), -0.17 (s, 3 H); 
13C NMR (75 MHz, CDCl3) δ 154.7, 152.7, 152.3, 137.2, 134.8, 134.6, 128.3, 127.6, 127.3, 127.04, 
126.95, 125.3, 118.3, 111.7, 96.9, 94.7, 94.3, 79.8, 79.7, 72.8, 70.5, 70.2, 63.7, 62.7, 62.1, 28.4, 26.3, 
26.2, 26.0, 25.9, 25.7, 25.4, 23.1, 18.1, −4.9; 






 To a solution of 157 (3.81 g, 6.20 mmol) in THF (21 mL) was added 2N HCl (21 mL) at 
0 ℃. The mixture was stirred for 3 h at room temperature, quenched with sat. NaHCO3 (40 mL), and 
extracted with EtOAc (40 mL x 3). The combined organic layers were washed with brine (120 mL), 
dried over MgSO4, and filtered. The filtrate was concentrated under reduced pressure. The residue was 
purified by flash column chromatography on silica gel (hexane/EtOAc = 30 : 1 to 15 : 1) to give 158 
(2.06 g, 60%, 3 : 2 mixture of rotamers) as a colorless sticky oil; 
[α]D25 = +13.8 (c 1.01, CHCl3); 
FTIR (neat) 2955, 2930, 2858, 1685, 1608, 1493, 1463, 1364, 1251, 1163, 1108, 1071, 1007 cm-1; 
1H NMR (300 MHz, CDCl3) δ 10.54 (s, 2/5 H), 10.52 (s, 3/5 H), 7.82 (d, J = 2.1 Hz, 1 H), 7.61 (brd, J 
= 8.3 Hz, 3/5 H), 7.49 (brd, J = 8.3 Hz, 2/5 Hz), 7.45-7.35 (m, 5 H), 7.03 (d, J = 8.3 Hz, 1 H), 5.17 (s, 
2 H + 3/5 H), 4.89 (d, J = 4.5 Hz, 2/5 H), 4.12 (m, 1 H), 3.97 (m, 1 H), 3.75 (t, J = 7.7 Hz, 2/5 H), 3.69 
(t, J = 7.7 Hz, 3/5 H), 1.68 (s, 3 x 2/5 H), 1.61 (s, 3 x 3/5 H), 1.48-1.30 (m, 12 H), 0.90 (s, 9 H), 0.05 






13C NMR (75 MHz, CDCl3) δ 189.4, 160.3, 152.6, 152.1, 136.0, 135.3, 135.1, 133.8, 128.6, 128.2, 
127.2, 126.5, 126.1, 124.7, 124.4, 112.7, 94.8, 94.2, 79.9, 79.7, 73.0, 70.5, 63.7, 63.4, 62.9, 28.2, 26.8, 
25.9, 25.1, 23.1, 18.0, −4.8, −5.0; 






 To a solution of 158 (252 mg, 454 µmol) in CH2Cl2 (2.3 mL) was added m-CPBA (157 mg, 
681 µmol, contained with 25% water) at 0 ℃ under argon. The mixture was stirred for 16 h at room 
temperature and quenched with sat. NaHCO3 (5 mL), and extracted with EtOAc (5 mL x 3). The 
combined organic layers were washed with brine (15 mL), dried over MgSO4, and filtered. The filtrate 
was concentrated under reduced pressure. The resulting residue was subjected the next reaction 
without further purification. To a solution of residue in THF (2.3 mL) was slowly added DIBAL (668 
µL, 681 µmol, 1.02 M solution in hexane) at 0 ℃ under argon. After the mixture was stirred for 2 h 
at room temperature, added more DIBAL (223 µL, 227 µmol). The reaction mixture was stirred for 1 
h and quenched with sat. potassium sodium tartrate (10 mL) with vigorous stirring. The mixture was 
stirred for additional 1 h at room temperature and extracted with EtOAc (10 mL x 3). The combined 
organic layers were washed with brine (30 mL), dried over MgSO4, and filtered. The filtrate was 
concentrated under reduced pressure. The residue was purified by flash column chromatography on 
silica gel (hexane/EtOAc = 20 : 1 to 15 : 1, 5 : 4 mixture of rotamers) to give 159 (208 mg, 84% over 
2 steps) as a colorless amorphous solid; 
[α]D25 = +10.9 (c 1.63, CHCl3); 
FTIR (neat) 3402, 2955, 2931, 2858, 1693, 1509, 1379, 1366, 1255, 1172, 1122, 1097, 1071, 1010 
cm-1; 






1H and 13C NMR spectra of 159 showed broad and complex signals because of a mixture of rotamers. 







 To a solution of 159 (208 mg, 383 µmol) in toluene (3.8 mL) were added aziridine 110 
(314 mg, 765 µmol) and TBD (109 mg, 765 µmol) at room temperature. The mixture was stirred for 
15 h, concentrated under reduced pressure. The residue was purified by flash column chromatography 
on silica gel (hexane/EtOAc = 20 : 1 to 5 : 1) to give 160 (331 mg, 91%, 3 : 2 mixture of rotamers) as 
a colorless amorphous solid and the recovered 110 (83.2 mg, 26%); 
[α]D20 = −13.8 (c 1.83, CHCl3); 
FTIR (neat) 3387, 3306, 2955, 2930, 2885, 2857, 1692, 1541, 1506, 1471, 1392, 1362, 1257, 1216, 
1170, 1093, 1009 cm-1; 
1H NMR (300 MHz, CDCl3) δ 8.04 (brd, J = 7.2 Hz, 1 H), 7.79 (d, J = 7.2 Hz, 1 H), 7.64-7.53 (m, 2 
H), 7.44-7.20 (m, 6 H), 6.98 (m, 1 H), 6.84 (m, 1 H), 6.33 (m, 1 H), 5.24 (d, J = 2.9 Hz, 3/5 H), 5.06 (s, 
2 x 2/5 H), 5.02 (s, 2 x 3/5 H), 4.95 (d, J = 2.9 Hz, 2/5 H), 4.13 (m, 1 H), 3.95-3.84 (m, 4 H), 3.70 (t, J 
= 8.0 Hz, 2/5 H), 3.64 (t, J = 8.0 Hz, 3/5 H), 2.35 (s, 1 H), 1.64-1.57 (m, 6 H), 1.47 (s, 9 H), 1.40 (s, 3 
H), 0.89 (s, 9 H), 0.79 (s, 9 H), 0.04 (s, 3 H), −0.90 (s, 6 H), −0.18 (s, 3 H); 
13C NMR (75 MHz, CDCl3) δ 152.7, 152.2, 151.4, 147.6, 143.5, 136.9, 136.0, 135.0, 132.6, 132.5, 
130.5, 128.4, 127.8, 127.3, 125.0, 122.7, 122.5, 122.3, 113.5, 113.3, 94.8, 94.3, 82.8, 82.6, 79.9, 79.7, 
78.8, 72.8, 70.8, 70.7, 63.8, 63.5, 63.1, 62.4, 62.2, 28.4, 26.5, 25.8, 25.4, 24.9, 24.8, 23.3, 18.2, 18.1, 
−4.7, −4.86, −4.93, −5.6, −5.8; 

















 To a solution of 160 (255 mg, 267 µmol) in MeCN (1.3 mL) were added CeCl3･7H2O (203 
mg, 534 µmol) and (COOH)2･2H2O (3.4 mg, 26.7 µmol) at room temperature. The mixture was 
stirred for 3.5 h, quenched with sat. NaHCO3 (5 mL), and extracted with EtOAc (5 mL x 3). The 
combined organic layers were washed with brine (15 mL), dried over MgSO4, and filtered. The filtrate 
was concentrated under reduced pressure. The residue was purified by flash column chromatography 
on silica gel (hexane/EtOAc = 9 : 1 to 1 : 2) to give 161 (122 mg, 50%) as a colorless amorphous solid 
and 162 (74.1 mg, 35%) as a colorless amorphous solid; 
161: 
[α]D25 = −7.1 (c 1.0, CHCl3); 
FTIR (neat) 3442, 3302, 2954, 2931, 2886, 2858, 1703, 1545, 1500, 1469, 1418, 1362, 1258, 1169, 
1094, 1062 cm-1; 
1H NMR (300 MHz, CDCl3) δ 8.05 (dd, J = 7.3, 2.1 Hz, 1 H), 7.79 (dd, J = 7.7, 1.6 Hz, 1 H), 
7.62-7.55 (m, 2 H), 7.44-7.31 (m, 6 H), 7.00 (brd, J = 8.9 Hz, 1 H), 6.88 (d, J = 8.9 Hz, 1 H), 6.31 (d, 
J = 8.1 Hz, 1 H), 5.41 (brd, J = 7.8 Hz, 1 H), 5.68-5.04 (m, 3 H), 4.00-3.91 (m, 3 H), 3.83 (brd, J = 
10.7 Hz, 1 H), 3.52 (m, 1 H), 3.40 (td, J = 10.7, 3.2 Hz, 1 H), 2.89 (brd, J = 9.3 Hz, 1 H), 2.41 (s, 1 H), 
1.60 (s, 3 H), 1.47 (s, 9 H), 0.91 (s, 9 H), 0.80 (s, 9 H), 0.07 (s, 3 H), −0.075 (s, 3 H), −0.077 (s, 3 H), 
−0.09 (s, 3 H); 
13C NMR (75 MHz, CDCl3) δ 155.4, 151.5, 147.4, 143.4, 136.6, 135.7, 133.4, 132.6, 132.4, 130.2, 
128.3, 127.7, 127.2, 124.8, 122.4, 122.2, 113.3, 82.5, 79.2, 78.9, 76.1, 70.5, 63.2, 62.0, 61.0, 56.6, 













160 161 (P = TBS)
162 (P = H)
 98 
HRMS (FAB) calcd for C45H67N3O11SSi2 m/z 913.4035 [M･]-, found 913.4042. 
162: 
[α]D26 = 24.6 (c 1.0, CHCl3); 
FTIR (neat) 3438, 3401, 2931, 2886, 2859, 1698, 1542, 1505, 1418, 1360, 1258, 1168, 1123, 1096 
cm-1; 
1H NMR (300 MHz, CDCl3) δ 8.07-8.04 (m, 2 H), 7.81-7.78 (m, 2 H), 7.63-7.56 (m, 2 H), 7.43-7.30 
(m, 6 H), 7.01 (brd, J = 8.4 Hz, 1 H), 6.89 (d, J = 8.4 Hz, 1 H), 6.32 (d, J = 8.4 Hz, 1 H), 5.37 (brd, J = 
8.1 Hz, 1 H), 5.04 (s, 2 H), 4.93 (s, 1 H), 3.97-3.94 (m, 3 H), 3.77-3.73 (m, 2 H), 3.56 (m, 1 H), 3.42 
(brs, 1 H), 2.78 (brs, 1 H), 2.44 (s, 1 H), 1.62 (s, 3 H), 1.43 (s, 9 H), 0.79 (s, 9 H), −0.09 (s, 6 H); 
13C NMR (75 MHz, CDCl3) δ 156.0, 151.6, 147.4, 143.6, 136.7, 135.8, 133.5, 132.7, 132.6, 130.4, 
128.4, 127.2, 125.0, 122.4, 122.1, 113.6, 82.5, 79.7, 79.0, 75.0, 70.6, 63.4, 62.1, 61.8, 56.3, 28.2, 25.7, 
24.8, 18.1, −5.7, −5.8; 







 To a solution of 161 (665 mg, 727 µmol) and TEMPO (5.7 mg, 36.3 µmol) in CH2Cl2 (6.0 
mL) was added aq. KBr (150 mL, 72.7 µmol, 0.5 M). To the mixture was added 1 : 1 mixture of 
NaOCl solution and 5% NaHCO3 aq. at 0 ℃ with vigorous stirring until the starting material was 
consumed (monitored by TLC). The organic solvent was separated and aqueous layer was extracted 
with EtOAc (10 mL x 2). The combined organic layers were washed with brine (30 mL), dried over 
MgSO4, and filtered. The filtrate was concentrated under reduced pressure. The residue was purified 
by flash column chromatography on silica gel (hexane/EtOAc = 10 : 1 to 5 : 1) to give 163 (499 mg, 
75%) as a colorless amorphous solid; 
[α]D26 = +14.8 (c 0.98, CHCl3); 








1H NMR (300 MHz, CDCl3) δ 9.44 (s, 1 H), 8.05 (dd, J = 7.5, 1.6 Hz, 1 H), 7.80 (dd, J = 7.5, 1.8 Hz, 
1 H), 7.61 (td, J = 7.5, 1.8 Hz, 1 H), 7.56 (td, J = 7.5, 1.6 Hz, 1 H), 7.45-7.33 (m, 6 H), 7.15 (brd, J = 
8.3 Hz, 1 H), 6.93 (d, J = 8.3 Hz, 1 H), 6.33 (d, J = 8.1 Hz, 1 H), 5.48 (d, J = 6.2 Hz, 1 H), 5.16 (s, 1 
H), 5.07 (s, 2 H), 4.41 (dd, J = 6.2, 2.9 Hz, 1 H), 4.00-3.91 (m, 3 H), 2.38 (s, 1 H), 1.62 (s, 3 H), 1.46 
(s, 9 H), 0.87 (s, 9 H), 0.80 (s, 9 H), 0.03 (s, 3 H), −0.08 (s, 6 H), −0.09 (s, 3 H); 
13C NMR (75 MHz, CDCl3) δ 197.8, 155.1, 151.9, 147.6, 143.7, 136.7, 136.1, 132.6, 132.5, 130.5, 
128.5, 127.9, 127.3, 125.0, 122.5, 122.2, 113.7, 82.7, 79.9, 79.2, 74.2, 70.7, 66.5, 63.4, 62.2, 28.3, 
25.8, 25.7, 25.0, 18.2, 18.1, −4.9, −5.4, −5.6, −5.8; 







 To a solution of 163 (499 mg, 547 µmol) in t-BuOH/H2O (6 : 1, 5.6 mL) were added 
2-methyl-2-butene (0.58 mL, 5.47 mmol), NaH2PO4 (197 mg, 1.64 mmol), and NaClO2 (186 mg, 1.64 
mmol, 80% purity) at 0 ℃. The mixture was vigorously stirred for 1.5 h at room temperature, diluted 
with H2O (10 mL), and extracted with EtOAc (10 mL x 3). The combined organic layers were dried 
over MgSO4, and filtered. The filtrate was concentrated under reduced pressure to give carboxylic acid 
which was subjected to the next reaction without further purification. To a solution of the residue in 
Et2O (2.8 mL) was added excess amount of CH2N2 in Et2O (prepared from N-methyl-N-nitrosourea 
and 40% KOH aq.) at 0 ℃ with stirring until the carboxylic acid was consumed (monitored by TLC). 
The mixture was warmed to 40 ℃ to remove residual CH2N2 and concentrated under reduced 
pressure. The residue was purified by flash column chromatography on silica gel (hexane/EtOAc = 7 : 
1 to 3 : 1) to give 164 (485 mg, 94% over 2 steps) as a colorless amorphous solid; 
[α]D25 = +12.4 (c 0.97, CHCl3); 











1H NMR (300 MHz, CDCl3) δ 8.04 (dd, J = 7.5, 1.8 Hz, 1 H), 7.79 (dd, J = 7.5, 1.8 Hz, 1 H), 7.61 (td, 
J = 7.5, 1.8 Hz, 1 H), 7.56 (td, J = 7.5, 1.8 Hz, 1 H), 7.43-7.31 (m, 5 H), 7.24 (brs, 1 H), 6.93 (dd, J = 
8.4, 1.8 Hz, 1 H), 6.85 (d, J = 8.4 Hz, 1 H), 6.32 (brd, J = 8.4 Hz, 1 H), 5.04 (brs, 3 H), 4.92 (d, J = 4.6 
Hz, 1 H), 4.50 (dd, J = 8.4, 4.6 Hz, 1 H), 4.00-3.87 (m, 3 H), 3.63 (s, 3 H), 2.43 (s, 1 H), 1.60 (s, 3 H), 
1.38 (s, 9 H), 0.86 (s, 9 H), 0.79 (s, 9 H), 0.04 (s, 3 H), −0.09 (s, 6 H), −0.14 (s, 3 H); 
13C NMR (75 MHz, CDCl3) δ 170.6, 154.8, 151.9, 147.6, 143.6, 136.8, 136.1, 132.63, 132.58, 130.5, 
128.5, 127.8, 127.3, 125.0, 122.7, 122.4, 113.4, 82.8, 79.8, 78.8, 74.5, 70.7, 63.5, 62.2, 60.6, 52.0, 
28.3, 25.8, 25.6, 24.7, 18.2, 18.0, −4.9, −5.4, −5.6, −5.8; 







 To a solution of 164 (485 mg, 515 µmol) in DMF (2.6 mL) were added Cs2CO3 (257 mg, 
772 µmol) at 0 ℃. Thiophenol (110 µL, 1.03 mmol) was added dropwise and the mixture was stirred 
for 4 h at room temperature under argon. Then the mixture was quenched with sat. NaHCO3 (10 mL) 
and extracted with Et2O (10 mL x 3). The combined organic layers were washed with brine (30 mL), 
dried over MgSO4, and filtered. The filtrate was concentrated under reduced pressure to give amine 
which was subjected to the next reaction without further purification. NaHCO3 (86.5 mg, 1.03 mmol) 
and TrocCl (110 µL, 772 µmol) were added to a solution of amine in THF (2.6 mL) at 0 ℃. The 
mixture was stirred for 12 h at room temperature, quenched with sat, NH4Cl (10 mL), and extracted 
with EtOAc (10 mL x 3). The combined organic layers were washed with brine (30 mL), dried over 
MgSO4, and filtered. The filtrate was concentrated under reduced pressure. The residue was purified 
by flash column chromatography on silica gel (hexane/EtOAc = 30 : 1 to 10 : 1) to give 165 (427 mg, 
89% over 2 steps) as a colorless amorphous solid; 
[α]D24 = +22.0 (c 0.92, CHCl3); 










1H NMR (300 MHz, CDCl3) δ 7.43-7.29 (m, 6 H), 6.94 (brd, J = 8.3 Hz, 1 H), 6.84 (d, J = 8.3 Hz, 1 
H), 6.09 (brd, J = 8.7 Hz, 1 H), 5.14 (s, 2 H), 5.06 (d, J = 8.3 Hz, 1 H), 4.94 (d, J = 4.5 Hz, 1 H), 4.74 
(d, J = 12.0 Hz, 1 H), 4.68 (d, J = 12.0 Hz, 1 H), 4.50 (dd, J = 8.3, 4.5 Hz, 1 H), 4.18-4.05 (m, 2 H), 
3.85 (dd, J = 9.6, 5.7 Hz, 1 H), 3.63 (s, 3 H), 2.50 (s, 1 H), 1.68 (s, 3 H), 1.39 (s, 9 H), 0.88 (s, 18 H), 
0.05 (s, 6 H), 0.04 (s, 3 H), −0.13 (s, 3 H); 
13C NMR (75 MHz, CDCl3) δ 170.4, 154.5, 154.4, 151.5, 143.8, 136.6, 132.8, 128.3, 127.6, 126.9, 
122.4, 121.9, 113.2, 95.5, 82.6, 79.4, 78.9, 76.4, 74.4, 74.3, 70.5, 61.5, 60.7, 60.4, 51.7, 28.1, 25.6, 
25.5, 24.9, 17.9, 17.8, −5.0, −5.5, −5.6, −5.7; 
HRMS (FAB) calcd for C43H64Cl3N2O10Si2 m/z 929.3165 [M−H]-, found 929.3179.  
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 神経細胞死は認知症や四肢の麻痺などの後遺症を伴い、患者の QOL (Quality of Life)を著し
く低減させる。血流が停止すると神経細胞はまず機能停止した状態になり、そのまま血流が














NMDA (N-methyl-D-aspartic acid)型、AMPA (α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic 
acid)型、KA (kainic acid)型受容体の三種に分別される(NMDARs, AMPARs, KARs)。神経伝達































3) free radical etc.




















から、本受容体のアンタゴニストは虚血性脳疾患に対する脳保護薬として期待されてい       
る。166 は代表的な AMPARs/KARs アンタゴニストである CNQX と同等の活性を持ちながら
(166: ED50 0.68 µM, CNQX: 0.53 µM)、細胞毒性が極めて低い(166: >500 µM, CNQX: 20 µM) 3)
ことから、新たな脳保護薬のリードとして期待されているが、現在では生産菌が生産を停止
しているため、天然物の供給は化学合成に頼っているのが実態である。一方で 166 は N-アシ








Figure 5-2. Structure of kaitocephalin 
 
2010 年以降のカイトセファリンの全合成 
	 Ma らは 2001 年にカイトセファリンの初の全合成を報告した。6)しかしこれは後の渡邉と北
原らの全合成 7)によって否定され、Ma らが合成したのは C2 位異性体であると結論づけられ
た。その後 Ma らは 2011 年になって再度 166 の全合成を報告している(Scheme 5-1)。8)まずア
リル側鎖を持つ二置換ピロリジン 167 の、(S)-ガーナーアルデヒド 168 とのアルドール反応に
よりオキサゾリジン 169 を合成し、天然物の右側鎖の立体構築を行った。C4 位はアリル基と
の立体障害により制御され望む R 体を選択的に与えている。しかし C3 位に関するジアステ
レオ選択性はあまり高くなく、立体異性体 170 が生じている。得られた 169 に対し Sharpless
不斉ジヒドロキシル化によりアリル基の変換を行ったが、ジアステレオマーを伴った。これ
らは混合物のまま、ジオールの一級水酸基のみの TBS 基での保護、二級水酸基のメシル化を
経て 171 へと誘導された。この時望みの(9R)-171 が生成比 1.5 : 1 のマイナー生成物であった
ことから、彼らはこのジオール化の立体選択性は、リガンドではなく基質制御によるものが
支配的であったと推測している。一級水酸基の酸化、アジド基の導入と還元の後、芳香族ア
シル化を経て左側鎖を構築し、172 とした。最後に二段階による脱保護を経て 166 と C9 位異





















	 また、畑山らも 2012 年に Rh 触媒による C−H アミノ化を鍵とした 166 の全合成を達成して
いる(Scheme 5-2)。9)彼らは 166 に存在する三つのカルボン酸をフェニル基とシクロペンテノ
ンの酸化的開裂によって、C2 位と C9 位の窒素官能基を Rh(II)触媒を用いたベンジル位、ア
リル位の C−H アミノ化によって導入することを計画した。ヨードエノン 174 に対し、Luche
還元にて立体選択的に還元を行い、光延反応と加水分解による水酸基の立体反転により trans
配置を有する 175 とした。続いて水酸基の保護、脱保護を経てアルコール 176 へ誘導した。
C4 位の立体化学については、176 とボラン 177 との鈴木−宮浦カップリングによる増炭、お
よびイミデート 178 の Overman 転移によって四級中心を立体選択的に構築した(179)。179 は
スルホン体 180 に変換し、Rh2(OAc)4を用いた C−H アミノ化を行ったところ、窒素が位置お
よび立体選択的に挿入され、181 が単一の生成物として得られた。ピロリジン環は、水存在
下での四級炭素上の窒素原子からの求核付加により形成された(182)。右側鎖部の C−H アミノ
化は Rh2(esp)2 を用いることで上記と同様に達成され、183 が得られた。183 は芳香族アシル
基の導入を経て 184 へと誘導し、続く RuO4 による酸化的開裂は望みのトリカルボン酸 185



















































(9R: 26%, 9S: 39%)
1) TBAF












	 さらに 2013 年になって七例目となる 166 の全合成が Kang らによって報告された(Scheme 
5-3)。10)本合成の特徴は、C4 位の含窒素四級炭素を N-Cbz-セリノールのエナンチオ選択的な
非対称化で構築していること、またこの四級中心の立体によって C9 位以外の不斉中心を誘導
していることが挙げられる。ホスホニウム塩 186 とガーナーアルデヒド 113 の Wittig 反応、
水酸基のヨウ素化により cis-アルケン 187 とし、α-アミノマロネート 188 から生じたアニオン
と反応させ、次いでエステルを還元することで 189 を合成した。189 のモノベンゾイル化は





























179 (R = TBS)






































































和エステル 192 からのピロリジン環の構築は面選択的な Hg(II)の付加と続く窒素官能基の攻
撃による環化反応で達成され、望みの 193 を 82%、ジアステレオマーを 4%収率で得ている。
右側鎖のアミノアルコールの導入に向けて、まず DIBAL 還元と、m-CPBA または Sharpless
不斉エポキシ化を用いることで立体選択的にエポキシド 194 へと導いた。エポキシ化はどち
らの条件を用いても 194 を良好な収率で与えた。次の位置選択的なアジド基の求核付加は、
宮下らが報告した B(OMe)3による trans-2,3-エポキシアルコールの位置選択的な開環 11)を用い
て達成され、195 が単一の生成物として得られている。本反応は、水酸基･ボラン試薬･エポ
キシ基の三者が分子内でキレーションし、“endo-モード”で三員環が開環するように、C2 位で
アジド基の付加が進行する。さらに 194 の場合、C3 位は四級炭素が隣接しているため、立体
障害を避けるために C2 位のみでの付加が起こったと Kang らは推察している。左側鎖部の芳
香族アシル化、C3 位水酸基の保護、一級水酸基の脱保護を行いトリオール 196 とし、カルボ






	 また 195 から前述した Ma らの全合成を参考に、オキサゾリジノンを経由した短段階合成
ルートも開発している。195 を塩基性条件下にて処理すると、Bz 基の脱保護を伴ったジオー


















































    (−)-DIPT, Ti(Oi-Pr)4























1) 3 M HCl aq.
2) ArCO2H

































くないことが示唆された。また C1 位カルボキシル基が Arg485の側鎖グアニジノ基･Thr480のア
ミド基と、C2 位アミノ基が Pro478のカルボキシル基･Glu705の側鎖カルボキシル基･Thr480の水
酸基とそれぞれ相互作用していることが判明した。その他、C4 位カルボキシル基が Thr655と
水分子を介して、C9 位のカルボキシル基は Tyr450, Gly451と相互作用しており、C3 位水酸基に
ついては Ser654との水素結合が明らかになった(Figure 5-3)。さらにこれを受けて、KARs サブ
ユニット KA2 や NMDARs サブユニット NR1, NR2A との結合のモデリングを行っており、


















1) 3 M HCl aq.
2) ArCO2H





























を述べる(Scheme 5-5)。既知のカルボン酸 199 から誘導したエステル 200 と、嵩高い OBO エ
ステルを有するアルデヒド 201 とのアルドール反応により、高立体選択的に付加体 202 を与
えた。202 の C3 位水酸基の立体反転とエステル交換反応を経て右側鎖を構築し、203 とした。
左側鎖については、序章で述べた、アルデヒド 44 とα-ジフェニルホスホノグリシネート 45
との E-選択的オレフィン化反応にて E-デヒドロアミノ酸エステル 46 (E : Z = >95 : 5)を合成し、
Rh(I)触媒による水素添加反応にて二重結合を還元することでC9位の立体をR : S = 6 : 94とい
う高い立体選択性でカイトセファリン保護体 204 へ誘導している(後述)。最後に AlCl3と Me2S






















































	 本合成は全 12 段階、9％収率で達成され、さらに全段階でグラムスケールでの合成が可能
である。本合成を受けて所属研究室ではカイトセファリンの受容体との結合様式の解明を目
的とし、中間体より合成可能な種々のカイトセファリンアナログ 205, 207−2095b)および鏡像異
性体(ent-166)14)、さらに右側鎖のみを有する 210 の四種の立体異性体 15)の合成を行い、所属研





























































































































































































二置換ピロリジン 200 の短段階合成経路の確立 
	 各誘導体の合成にあたり、まず 200 の効率的合成法の確立に着手した。200 は既知の合成
法に則り N-Boc-D-ピログルタミン酸メチルエステル 215 より 9 段階で合成していたが、途中
一級水酸基の保護基の掛け替えを必要とし、また段階数が多段階にわたることによる総収率
の低下が難点であった。そこで保護基の掛け替えを必要としない、かつ酸化段階を保持した
合成に取り組んだ(Scheme 5-7)。215 より二段階で得られる既知のアミナール 21618)に対し、
一級水酸基を保護しないまま、ルイス酸を用いたニトリル基の付加を行うことで 217 を 56%
収率で得た。また副生成物として水酸基が TMS エーテル化した 218 が生じたが、酸加水分解
に付すことで最終的に 217 のみを良い収率で得ることが出来た。続いて水酸基を TBS 基で保
護し 219 とした。ニトリルからメチルエステルへの変換は、酸化段階の保持のため水和反応
による変換を行った。すなわち、白金(II)触媒 222 によるニトリルの水和 19)と、生じたアミド
220 のジ Boc 化により 221 とし、最後にエステル交換を行うことで 200 を合成した。これに
































211 (R = Ph)



























Scheme 5-7. a) TMSCN, BF3･OEt2, CH2Cl2, −78 ℃, 56% for 217, 22% for 218; b) 2N HCl, THF, 
0 ℃, quant.; c) TBSCl, Et3N, DMAP, CH2Cl2, 74%; d) 222, H2O, EtOH, 80 ℃; e) Boc2O, DMAP, 
CH2Cl2, 85% over 2 steps; f) NaOMe, MeOH, reflux, 70%. 
 
N-ベンゾイルアナログ 211 の合成 
	 アルデヒド 44 と HWE 試薬 57 (Scheme 2-2)とのオレフィン化反応により、デヒドロアミノ
酸エステル 223 を合成した。この時、立体選択性は E : Z = 82 : 18 と、先述した 46 に比べて
低下していることが分かった。20)さらに二重結合の還元は、224 を 76%収率で与えたものの、
ジアステレオ選択性が約 1 : 1 に低下した(dr = 55 : 45)。続いて脱保護、HPLC による分取を行
い、N-ベンゾイルアナログ 211 と C9 位異性体 225 をそれぞれ得た(Scheme 5-8)。 
 
Scheme 5-8. a) DBU, NaI, THF, −78 to 0 ℃ , 67% (E : Z = 82 : 18); b) H2 (1.0 MPa), 
Rh(nbd)(dppb)BF4, MeOH, 76% (inseparable, dr = 55 : 45); c) AlCl3, Me2S, 0 ℃ to rt then HPLC 
separation, 23% for 211, 17% for 225. 
 





































































































体 224 の立体選択性は理論上、約 4 : 1 程度で得られることが想定される。しかし実際に 224
が 1 : 1 の立体異性体の混合物であることから、還元の際の面選択性は発現していないように
見受けられる。この立体選択性が低下した原因としては次の様に考えた。デヒドロアミノ酸
の Rh 触媒を用いた水素化反応においてロジウムヒドリド錯体の付加は可逆反応であり、E-
デヒドロアミノ酸は Z 体へ容易に異性化することが報告されている。21)一方で 223 に対する
錯体の付加面は、カイトセファリンの合成例から、Scheme 5-9 に示すようなコンフォメーシ
ョンを取れば、E 体･Z 体共にオレフィンの上面が Boc 基で遮蔽されているために下面から進
行すると考えられる。5b, 22)つまり、E-223 へのロジウムヒドリド錯体の付加により生成する
226 は、δ結合の回転により 226’とコンフォメーションが変化し、β脱離によって Z-223 へ異
性化する。そこから水素化反応が進行すれば、C9 位異性体が生じる。カイトセファリンの場





























































ジヒドロシンナミルアナログ 212 の合成 
	 先の 211 の合成と同様に、HWE 試薬 214(実験項参照)を用いたオレフィン化と水素添加反
応、続く脱保護により 212 と C9 位異性体 230 を合成した。この際の E/Z 比については未決定
であるが、229 の C9 位の立体選択性については脱保護後の HPLC 分析により dr = 77 : 23 と決
定した(Scheme 5-10)。 
 
Scheme 5-10. a) DBU, NaI, THF, −78 to 0 ℃, 66% (E/Z ratio was not determined); b) H2 (1.0 MPa), 
Rh(nbd)(dppb)BF4, MeOH, 79% (inseparable, dr = 77 : 23); c) AlCl3, Me2S, 0 ℃ to rt then HPLC 
separation, 18% for 212, 7.4% for 230. 
 
デクロロカイトセファリン 213 の合成 
	 9R : 9S = 3 : 7 のカイトセファリンアンモニウム塩 166 を i-Pr2NEt 存在下、接触水素還元を
行うことでクロロ基の除去に成功し、デクロロカイトセファリン 213 およびその C9 位異性体
231 を HPLC 分取により、それぞれ 36%, 18%収率にて得た(Scheme 5-11)。 
 
Scheme 5-11. a) H2, Pd/C, i-Pr2NEt, MeOH/H2O then HPLC separation, 36% for 213, 18% for 231. 
 
結合活性試験と考察 
	 上記で合成した誘導体六種の iGluRsとの結合活性試験を行った。NMDARs, AMPARs, KARs
全てを発現したラット大脳由来膜画分を用い、今回はカイトセファリンが特に選択的に結合



















































































しかしながら、デクロロカイトセファリン 213 や N-ベンゾイルアナログ 211 については天然
物より若干低下する程度の、比較的強い活性を維持していることが分かった。一方で炭素鎖
を挟んだジヒドロシンナミルアナログ 212 の結合は大きく低下した。また各アナログの C9
位異性体 231, 225, 230 については、これまでの構造活性相関研究 5b)と同様にそれぞれ 5~10
倍程度活性が低下した。 
 
Figure 5-5. Binding assay of kaitocephalin analogs for NMDARs. Ki = IC50/(1+[L]/Kd), [L] = 2 (nM), 
Kd = 19 (nM) were used for [3H]CGP 39653. IC50 values were listed in experimental section. L-Glu = 
L-glutamic acid, Bz-KC = N-benzoylkaitocephalin (211), 9-epi-Bz-KC = (9R)-N-benzoylkaitocephalin 
(225), DHC-KC = dihydrocinnamylkaitocephalin (212), 9-epi-DHC-KC = 
(9R)-dihydrocinnamylkaitocephalin (230), deCl-KC = dechlorokaitocephalin (213), 9-epi-deCl-KC = 
(9R)-dechlorokaitocephalin (231). 
 
	 NMDA 型受容体のサブタイプである NR1 および NR2A とのモデリングでは、特に NR2A


























































































られる。またデクロロカイトセファリン 213 はヨウ素置換体 207 に比べて活性が低下してい









Experimental Section for Chapter 5 
 
Methyl 2-(diphenoxyphosphoryl)-2-(3-phenylpropanamido)acetate (214) 
 
 According to the experimental procedures of 56 and 57 (in chapter 2), to a solution of 47 
(1.02 g, 2.24 mmol) in EtOAc (22 mL) was added methanolic HCl (prepared from 7.5 mL of methanol 
and 1.2 mL of AcCl) and 10% Pd/C (100 mg, 10 wt%) at 0 ℃. The mixture was stirred under 
hydrogen for 3 h at room temperature. After filtration, the filtrate was concentrated under reduced 
pressure to give amine hydrochloride salt 55 which was subjected to the next acylation without further 
purification. 3-Phenylpropionic acid (336 mg, 2.24 mmol), EDCI (472 mg, 2.46 mmol), and DMAP 
(137 mg, 1.12 mmol) were subsequently added to a solution of the residue 55 in CH2Cl2/DMF (2 : 1, 
21 mL) at 0 ℃ under argon. The mixture was stirred for 14 h at room temperature, quenched with sat. 
NH4Cl (30 mL), and extracted with EtOAc (30 mL x 3). The combined organic layers were washed 
with brine (90 mL), dried over MgSO4, and filtered. The filtrate was concentrated under reduced 
pressure. The residue was purified by column chromatography on silica gel (hexane/EtOAc = 5 : 1 to 
1 : 1) to give 214 (329 mg, 32% over 2 steps) as a white solid; 
mp 114-115 ℃ 
FTIR (neat) 3278, 3062, 3029, 2953, 1751, 1683, 1590, 1531, 1489, 1455, 1277, 1206, 1184, 1162 
cm-1; 
1H NMR (300 MHz, CDCl3) δ 7.36-7.28 (m, 5 H), 7.23-7.14 (m, 10 H), 6.33 (brd, 1 H), 5.61 (dd, J = 
22.8, 9.0 Hz, 1 H), 3.78 (s, 3 H), 2.92 (t, J = 7.7 Hz, 2 H), 2.62-2.45 (m, 2 H); 
13C NMR (75 MHz, CDCl3) δ 171.8 (d, 2JCP = 6.0 Hz), 166.6 (d, 3JCP = 3.0 Hz), 150.02 (d, 2JCP = 9.1 
Hz), 149.97 (d, 2JCP = 9.3 Hz), 140.3, 129.8, 128.4, 128.2, 126.2, 125.6, 120.25 (d. 2JCP = 3.8 Hz), 
120.19 (d, 2JCP = 4.5 Hz), 53.3, 50.7 (d, 1JCP = 153.2 Hz), 37.5, 31.0; 
HRMS (FAB) calcd for C24H25NO6P m/z 454.1419 [M+H]+, found 454.1426. 
13C NMR spectrum of 214 was shown in appendix.  
 
(5R)-tert-Butyl 2-cyano-5-(hydroxymethyl)pyrrolidine-1-carboxylate (217) 










 Alcohol 21618) (4.26 g, 18.4 mmol) was dissolved in CH2Cl2 (92 mL), and the solution was 
stirred for 20 min at −78 ℃ under argon. To the solution were added TMSCN (4.6 mL, 36.8 mmol) 
and BF3･OEt2 (2.7 mL, 22.1 mmol), and the mixture was stirred for 1.5 h and quenched with sat. 
NaHCO3 (100 mL). The organic layer was separated and the aqueous layer was extracted with EtOAc 
(100 mL x 2). The combined organic layers were washed with brine (300 mL), dried over MgSO4, and 
filtered. The filtrate was concentrated under reduced pressure. The residue was purified by flash 
column chromatography on silica gel (hexane/EtOAc = 10 : 1 to 1 : 1) to give 218 (1.23 g, 22%) as a 
colorless oil and 217 (2.31 g, 56%) as a colorless oil; 
217: 
FTIR (neat) 3447, 2978, 2883, 1698, 1477, 1457, 1384, 1367, 1256, 1220, 1164, 1125, 1089, 1049 
cm-1; 
HRMS (FAB) calcd for C11H19N2O3 m/z 227.1396 [M+H]+, found 227.1393. 
218: 
FTIR (neat) 2958, 2875, 1701, 1477, 1458, 1366, 1252, 1166, 1111, 1082, 1044 cm-1; 
HRMS (FAB) calcd for C14H27N2O3Si m/z 299.1791 [M+H]+, found 200.1801. 
1H and 13C NMR spectra of 217 and 218 showed broad and complex signals because of a mixture of 




  To a solution of 218 (1.31 g, 4.39 mmol) in THF (10 mL) was added 2N HCl (10 mL) at 
0 ℃. The mixture was stirred for 30 min, quenched with sat. NaHCO3 (10 mL), and extracted with 
EtOAc (10 mL x 3). The combined organic layers were washed with brine (50 mL), dried over MgSO4, 
and filtered. The filtrate was concentrated under reduced pressure. The residue was purified by flash 











217 (R = H)










(2R)-tert-Butyl 2-(((tert-butyldimethylsilyl)oxy)methyl)-5-cyanopyrrolidine-1-carboxylate (219) 
 
 To a solution of 217 (3.25 g, 14.4 mmol) in CH2Cl2 (72 mL) were added Et3N (3.0 mL, 
21.5 mmol), DMAP (175 mg, 1.44 mmol), and TBSCl (3.25 g, 21.5 mmol) at 0 ℃ under argon. The 
mixture was stirred for 7 h at room temperature and quenched with sat. NH4Cl (80 mL). The organic 
layer was separated and the aqueous layer was extracted with EtOAc (80 mL x 2). The combined 
organic layers were washed with brine (240 mL), dried over MgSO4, and filtered. The filtrate was 
concentrated under reduced pressure. The residue was purified by flash column chromatography on 
silica gel (hexane/EtOAc = 40 : 1 to 8 : 1) to give 219 (3.61 g, 74%) as a colorless oil; 
FTIR (neat) 3517, 2955, 2930, 2884, 2858, 1702, 1472, 1462, 1367, 1254, 1167, 1110, 1045, 1009 
cm-1; 
HRMS (FAB) calcd for C17H33N2O3Si m/z 341.2260 [M+H]+, found 341.2238. 
1H and 13C NMR spectra of 219 showed broad and complex signals because of a mixture of rotamers 




 To a solution of 219 (11.0 g, 32.2. mmol) in EtOH/H2O (2 : 1, 40 mL) was added Pt 
catalyst 222 (41.4 mg, 96.5 µmol), and the mixture was stirred at 80 ℃. After 3 h, the solvent was 
removed under reduced pressure. The residue was diluted with CH2Cl2, dried over MgSO4, and filtered. 
The filtrate was concentrated under reduced pressure to give amide 220 which was subjected to the 
next reaction without further purification. Boc2O (22.2 mL, 96.5 mmol) and DMAP (3.93 g, 32.2 
mmol) were subsequently added to a solution of the residue 220 in CH2Cl2 (160 mL) at 0 ℃ under 
argon. The mixture was stirred for 2.5 h at room temperature and concentrated under reduced pressure. 
The residue was purified by flash column chromatography on silica gel (hexane/EtOAc = 30 : 1 to 10 : 
1) to give 221 (15.3 g, 85%) as a white solid; 
FTIR (neat) 2980, 2955, 2932, 2859, 1781, 1751, 1700, 1473, 1460, 1370, 1302, 1251, 1155, 1117 
cm-1; 











1H and 13C NMR spectra of 221 showed broad and complex signals because of a mixture of rotamers 
and diastereomers. 1H and 13C NMR spectra are shown in appendix. 
 
(5R)-1-tert-Butyl 2-methyl 5-(((tert-butyldimethylsilyl)oxy)methyl)pyrrolidine-1,2-dicarboxylate 
(200) 
 
 To a solution of 221 (11.5 g, 20.6 mmol) in MeOH (206 mL) was added NaOMe (1.17 g, 
20.6 mmol). The mixture was stirred for 22 h at reflux and concentrated under reduced pressure. The 
residue was diluted with Et2O and filtered. The filtrate was concentrated under reduced pressure. The 
residue was purified by flash column chromatography on silica gel (hexane/EtOAc = 30 : 1 to 15 : 1) 
to give 200 (5.38 g, 70%) as a colorless oil. The spectroscopic data (1H NMR) of 200 was completely 






 To a solution of 57 (253 mg, 594 µmol) and NaI (102 mg, 683 µmol) in THF (5.9 mL) was 
added DBU (93 mL, 624 µmol) at 0 ℃ under argon. The mixture was stirred for 10 min at 0 ℃ and 
5 min at −78 ℃. To the mixture was added a solution of 44 (151 mg, 297 µmol) in THF (1.5 mL). 
The mixture was stirred for 10 min at −78 ℃ and gradually warmed up to 0 ℃ for 5 h. The mixture 
was quenched with sat. NH4Cl (10 mL), and extracted with EtOAc (8 mL x 3). The combined organic 
layers were washed with brine (24 mL), dried over MgSO4, and filtered. The filtrate was concentrated 
under reduced pressure. The residue was purified by flash column chromatography on silica gel 
(hexane/EtOAc = 9 : 1 to 1 : 1) to give 223 (135 mg, 67%, E : Z = 82 : 1820)) as a colorless amorphous 
solid; 
FTIR (neat) 3340, 3064, 3033, 2978, 2953, 1724, 1671, 1516, 1488, 1437, 1386, 1368, 1254, 1199, 















1H NMR (300 MHz, CDCl3) δ 8.16 (s, 1 H), 7.82 (d, J = 6.9 Hz, 2 H), 7.74 (d, J = 8.7 Hz, 1 H), 
7.57-7.44 (m, 3 H), 7.36-7.28 (m, 5 H), 6.19 (brd, J = 8.7 Hz, 1 H), 5.98 (d, J = 9.3 Hz, 1 H), 5.31 (td, 
J = 8.3, 2.1 Hz, 1 H), 5.12 (s, 2 H), 4.56 (dd, J = 9.3, 4.1 Hz, 1 H), 4.39 (brd, J = 7.5 Hz, 1 H), 
3.91-3.73 (m, 9 H), 2.51 (m, 1 H), 2.43-2.33 (m, 2 H), 1.78 (m, 1 H), 1.45 and 1.40 (s x 2, 9 H); 
13C NMR (75 MHz, CDCl3) δ 172.3, 170.2, 165.4, 164.2, 156.3, 155.8, 136.2, 136.0, 134.5, 133.4, 
131.8, 128.7, 128.4, 128.0, 127.9, 126.8, 124.0, 82.0, 76.6, 72.9, 67.0, 59.8, 55.6, 53.0, 52.7, 52.2, 
34.5, 30.5 28.0; 
HRMS (FAB) calcd for C34H42N3O12 m/z 684.2768 [M+H]+, found 684.2764. 
 




 223 (125 mg, 183 mmol) and Rh(nbd)(dppb)BF4 (12.9 mg, 18.3 mmol) was dissolved in 
degassed MeOH (1.5 mL). The degassed mixture was placed in a high-pressure hydrogen tube under 
argon. The tube was sealed and cooled to −78 ℃. The tube was vacuumed and then hydrogen was 
introduced into the tube. After repeating of the gas-exchange process for 4 times, the mixture was 
stirred for 2 weeks at room temperature under 1.0 MPa of hydrogen atmosphere. The hydrogenation 
was carefully leaked from the tube and the mixture was concentrated under reduced pressure. The 
residue was purified by flash column chromatography on silica gel (hexane/EtOAc = 3 : 1 to 1 : 1) to 
give 224 (94.7 mg, 76%, dr = 55 : 45*) as a colorless amorphous solid; 
FTIR (neat) 3336, 3065, 3010, 2979, 2054, 2853, 1743, 1667, 1531, 1490, 1455, 1437, 1392, 1369, 
1331, 1255, 1219, 1163, 1017 cm-1; 
HRMS (FAB) calcd for C34H44N3O12 m/z 686.2925 [M+H]+, found 686.2918. 
1H and 13C NMR spectra of 224 showed broad and complex signals because of a mixture of rotamers 
and diastereomers. 1H and 13C NMR spectra are shown in appendix. 
*The dr of 224 was determined by converting the crude product to 211, HPLC analysis of crude 211 
















 To a solution of 224 (94.7 mg, 138 µmol) in Me2S (2.8 mL) was added AlCl3 (368 mg, 2.76 
mmol) at 0 ℃. The mixture was stirred for 17 h with gradually warming to room temperature, and 
quenched with water (5 mL). The mixture was stirred for additional 1 h at room temperature and 
concentrated under reduced pressure. The residue was purified by Dowex® 50W x 4 (elution with 1N 
NH4OH) and reversed-phase column chromatography (elution with water) to give a mixture of 
N-benzoylkaitocephalin (211) and (9R)-isomer (225) as an ammonium salt. The mixture was separated 
by HPLC (COSMOSIL® 5C18-PAQ Packed column, φ 20 x 250 mm, eluted with 5% MeOH/20 mM 
Et2NH-CO2 buffer pH 7, 6.0 mL/min) to give N-benzoylkaitocephalin (211) diethylamine salt (15.5 
mg, 23%) and (9R)-isomer (225) diethylamine salt (11.2 mg, 17%) as a colorless solid; 
[α]D24 = −24.3 (c 0.74, H2O); 
1H NMR (300 MHz, D2O) δ 7.75 (d, J = 7.3 Hz, 2 H), 7.55 (t, J = 7.3 Hz, 1 H), 7.46 (t, J = 7.3 Hz, 2 
H), 4.45 (m, 2 H), 4.13 (brs, 1 H), 3.76 (m, 1 H), 2.48 (m, 1 H), 2.34 (m, 1 H), 2.18-2.08 (m, 3 H), 
1.66 (m, 1 H); 
13C NMR (125 MHz, D2O) δ 177.3 x 2*, 174.5, 170.5, 133.5, 132.4, 128.9, 127.3, 76.4, 71.1, 59.0, 
55.6, 53.6, 35.0, 32.0, 29.8; 
HRMS (FAB) calcd for C18H22N3O8 m/z 408.1407 [M−H]-, found 408.1408.  
*The chemical shifts were determined by HMBC correlation (a lower figure). Its HMQC and HMBC 













































[α]D24 = −19.7 (c 0.58, H2O); 
1H NMR (300 MHz, D2O) δ 7.77 (d, J = 7.3 Hz, 2 H), 7.57 (t, J = 7.3 Hz, 1 H), 7.48 (t, J = 7.3 Hz, 2 
H), 4.47-4.42 (m, 3 H), 4.14 (brs, 1 H), 3.73 (m, 1 H), 2.39-2.17 (m, 4 H), 2.09 (m, 1 H), 1.71 (m, 1 
H); 
13C NMR (125 MHz, D2O) δ 177.4 x 2*, 174.4, 170.7, 133.4, 132.4, 128.9, 127.4, 76.6, 71.1, 58.6, 
55.6, 53.3, 35.0, 31.9, 29.4; 
HRMS (FAB) calcd for C18H22N3O8 m/z 408.1407 [M−H]-, found 408.1400. 
*The chemical shifts were determined by HMBC correlation (a lower figure). Its HMQC and HMBC 
spectra were shown in appendix. 
 
 




To a solution of 214 (283 mg, 625 µmol) and NaI (108 mg, 719 µmol) in THF (6.2 mL) 
was added DBU (98 mL, 656 µmol) at 0 ℃ under argon. The mixture was stirred for 10 min at 0 ℃ 
and 5 min at −78 ℃. To the mixture was added a solution of 44 (159 mg, 313 µmol) in THF (1.6 mL). 
The mixture was stirred for 10 min at −78 ℃ and gradually warmed up to 0 ℃ for 3 h. The mixture 
was quenched with sat. NH4Cl (10 mL), and extracted with EtOAc (10 mL x 3). The combined 
organic layers were washed with brine (30 mL), dried over MgSO4, and filtered. The filtrate was 
concentrated under reduced pressure. The residue was purified by flash column chromatography on 
silica gel (hexane/EtOAc = 7 : 1 to 1 : 1) to give 228 (148 mg, 66%) as a colorless amorphous solid; 
FTIR (neat) 3335, 3063, 3028, 2979, 2953, 1722, 1671, 1515, 1454, 1436, 1385, 1368, 1251, 1216, 




































1H NMR (300 MHz, CDCl3) δ 7.47 (d, J = 8.7 Hz, 1 H), 7.35-7.19 (m, 11 H), 6.18 (brd, J = 8.1 Hz, 1 
H), 5.98 (d, J = 9.3 Hz, 1 H), 5.21 (td, J = 8.4, 2.1 Hz, 1 H), 5.10 (s, 2 H), 4.53 (dd, J = 9.3, 4.1 Hz, 1 
H), 4.36 (dd, J = 10.1, 3.2 Hz, 1 H), 3.85-3.71 (m, 9 H), 2.99 (dtd, J = 14.1, 14.1, 7.2 Hz, 2 H), 2.59 (t, 
J = 7.2 Hz, 2 H), 2.48 (m, 1 H), 2.30 (m, 2 H), 1.70 (m, 1 H), 1.36 (s, 9 H); 
13C NMR (75 MHz, CDCl3) δ 172.1, 170.3, 170.2, 163.7, 156.1, 155.7, 140.3, 136.0, 133.0, 128.3, 
128.2, 128.1, 127.9, 127.7, 126.0, 123.8, 81.8, 76.3, 72.8, 66.8, 59.5, 55.5, 52.7, 52.3, 52.0, 38.9, 34.2, 
31.1, 30.2, 27.8; 
HRMS (FAB) calcd for C36H46N3O12 m/z 712.3081 [M+H]+, found 712.3085. 
 




 228 (148 mg, 208 µmol) and Rh(nbd)(dppb)BF4 (14.7 mg, 20.8 µmol) was dissolved in 
degasses MeOH (1.7 mL). The degassed mixture was placed in a high-pressure hydrogen tube under 
argon. The tube was sealed and cooled −78 ℃. The tube was vacuumed and then hydrogen was 
introduced into the tube. After repeating of the gas-exchange process for 4 times, the mixture was 
stirred for 2 weeks at room temperature under 1.0 MPa of hydrogen atmosphere. The hydrogenation 
was carefully leaked from the tube and the mixture was concentrated under reduced pressure. The 
residue was purified by flash column chromatography on silica gel (hexane/EtOAc = 5 : 1 to 1 : 2) to 
give 229 (117 mg, 79%, dr = 77 : 23*) as a colorless amorphous solid; 
FTIR (neat) 3323, 3064, 3010, 2978, 2953, 2930, 2854, 1743, 1667, 1524, 1454, 1437, 1253, 1215, 
1163, 1016 cm-1; 
HRMS (FAB) calcd for C36H48N3O12 m/z 714.3238 [M+H]+, found 714.3243. 
1H and 13C NMR spectra of 229 showed broad and complex signals because of a mixture of rotamers 
and diastereomers. 1H and 13C NMR spectra are shown in appendix. 
* The dr of 229 was determined by converting the crude product to 212, HPLC analysis of crude 212 
















To a solution of 229 (117 mg, 164 µmol) in Me2S (3.3 mL) was added AlCl3 (438 mg, 3.29 
mmol) at 0 ℃. The mixture was stirred for 12 h with gradually warming to room temperature, and 
quenched with water (5 mL). The mixture was stirred for additional 1 h at room temperature and 
concentrated under reduced pressure. The residue was purified by Dowex® 50W x 4 (elution with 1N 
NH4OH) and reversed-phase column chromatography (elution with water) to give a mixture of 
dihydrocinnamylkaitocephalin (212) and (9R)-isomer (230) as an ammonium salt. The mixture was 
separated by HPLC (COSMOSIL® 5C18-PAQ Packed column, φ 20 x 250 mm, eluted with 10% 
MeOH/20 mM Et2NH-CO2 buffer pH 7, 6.0 mL/min) to give dihydrocinnamylkaitocephalin (212) 
diethylamine salt (14.7 mg, 18%) and (9R)-isomer (230) diethylamine salt (6.2 mg, 7.4%) as a 
colorless solid; 
[α]D24 = −36.7 (c 0.73, H2O); 
1H NMR (300 MHz, D2O) δ 7.35-7.22 (m, 5 H), 7.25 (t, J = 7.2 Hz, 1 H), 4.47 (s, 1 H), 4.13-4.10 (m, 
2 H), 3.28 (m, 1 H), 2.92 (dd, J = 11.1, 6.8 Hz, 2 H), 2.62 (t, J = 6.8 Hz, 2 H), 2.30-2.24 (m, 2 H), 1.94 
(m, 1 H), 1.82-1.76 (m, 2 H), 1.41 (m, 1 H); 
13C NMR (125 MHz, D2O) δ 175.2 x 2*, 174.2, 171.1*, 140.7, 128.8, 128.7, 126.6, 76.3, 70.9, 58.8, 
55.5, 52.9, 37.2, 35.0, 32.0, 31.1, 29.4; 
HRMS (FAB) calcd for C20H28N3O8 m/z 438.1876 [M+H]+, found 438.1865. 
*The chemical shifts were determined by HMBC correlation (a lower figure). Its HMQC and HMBC 


































(dd, J = 11.1, 
6.8 Hz)
H




1H NMR (300 MHz, D2O) δ 7.37-7.23 (m, 5 H), 4.50 (s, 1 H), 4.11-4.05 (m, 2 H), 3.00-2.83 (m, 3 H), 
2.65 (t, J = 6.9 Hz, 2 H), 2.32 (dd, J = 13.1, 6.5 Hz, 1 H), 2.19-1.98 (m, 2 H), 1.92-1.74 (m, 2 H), 1.43 
(m, 1 H);  




  To a solution of kaitocephalin ammonium salt 166 (41.4 mg, 81.0 µmol) in MeOH/H2O 
(1 : 1, 2 mL) was added i-Pr2NEt (42 mL, 243 µmol) and 10% Pd/C (16.6 mg, 40 wt%) at 0 ℃. The 
mixture was stirred for 3 h at room temperature under hydrogen using balloon (1 atm) and filtered. 
The filtrate was concentrated under reduced pressure. The residue was purified by Dowex® 50W x 4 
(elution with 1N NH4OH) and reversed-phase column chromatography (elution with water) to give a 
mixture of dechrolokaitocephalin (213) and (9R)-isomer (231) as an ammonium salt. The mixture was 
separated by HPLC (COSMOSIL® 5C18-PAQ Packed column, φ 20 x 250 mm, eluted with 5% 
MeOH/20 mM Et2NH-CO2 buffer pH 7, 6.0 mL/min) to give dechrolokaitocephalin (213) 
diethylamine salt (14.5 mg, 36%) and (9R)-isomer (231) diethylamine salt (7.2 mg, 18%) as a 
colorless solid; 
[α]D19 = −36.5 (c 1.02, H2O); 
1H NMR (300 MHz, D2O) δ 7.74 (d, J = 8.7 Hz, 2 H), 6.95 (d, J = 8.7 Hz, 2 H), 4.52 (s, 1 H), 4.48 (m, 
1 H), 4.27 (s, 1 H), 3.82 (m, 1 H), 2.54 (m, 1 H), 2.39 (m, 1 H), 2.25-2.07 (m, 3 H), 1.73 (m, 1 H); 
13C NMR (75 MHz, D2O) δ 177.5, 174.4, 170.7, 169.7, 129.6, 125.1, 115.5, 76.4, 70.7, 59.0, 55.5, 
53.5, 35.0, 32.0, 29.7; 

























[α]D21 = −27.2 (c 1.04, H2O); 
1H NMR (300 MHz, D2O) δ 7.74 (d, J = 8.4 Hz, 1 H), 6.94 (d, J = 8.4 Hz, 1 H), 4.51-4.45 (m, 2 H), 
4.15 (brs, 1 H), 3.75 (m, 1 H), 2.44-2.22 (m, 4 H), 2.15 (m, 1 H), 1.73 (m, 1 H); 
13C NMR (75 MHz, D2O) δ 177.6, 174.3, 170.7, 169.9, 159.5, 129.7, 125.1, 115.5, 76.7, 70.6, 58.6, 
55.5, 53.2, 35.0, 31.9, 29.3; 






































Figure 5-6. Specific Binding of kaitocephalin analogs. Explanatory notes: Glu = L-glutamic acid, 
Bz-KC = N-benzoylkaitocephalin (211), 9epi-Bz-KC = (9R)-N-benzoylkaitocephalin (225), DHC-KC 
= dihydrocinnamylkaitocephalin (212), 9epi-DHC-KC = (9R)-dihydrocinnamylkaitocephalin (230), 
deCl-KC = dechlorokaitocephalin (213), 9epi-deCl-KC = (9R)-dechlorokaitocephalin (231). 
 
Table 5-1. IC50 value of kaitocephalin analogs for NMDARs 
  IC50 (nM) 
KC (166) 8 
Bz-KC (211) 54 
(9R)-Bz-KC (225) 300 
DHC-KC (212) 1400 
(9R)-DHC-KC (230) 4500 
deCl-KC (213) 25 
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素体は Z 体を与えること、さらに E 体を用いた場合にヨウ素体を収率良く与えることから、
本反応の原料として E 体が適していることを明らかにした。この結果を用いてΔIle の E/Z 両
異性体の立体選択的な合成を達成した。第四章では第二章･第三章のデヒドロアミノ酸エステ
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